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CHAPTER ONE 


ILMOD 


Areas which are to be excavated, filled, 
or graded often must be cleared first. 

Clearing usually involves removal of 
vegetation, which may be grass and weeds, 
brush, trees, and stumps. Other material 
which may be taken away before actual 
dirt work starts includes boulders, walls, 
and buildings or their foundations, 

HAND CLEARING 

Hand cutting may be the most economi¬ 
cal method of removing the aboveground 
part of small patches of brush, or clearing 
larger areas so swampy or rugged as to 
make use of machinery difficult. In ad¬ 
dition, some handwork greatly facilitates 
most types of machine clearing. 

The brush is usually burnt, although in 
narrow rights of way it may be piled at the 
sides. If conditions permit, it is best burnt 
immediately upon being cut to avoid re¬ 
handling, If smoke nuisance or fire hazard 
prohibits this method, it can be piled and 
burned aficr the cutting crews are out of 
range, or after it has dried out. 

Cuitings may also be ground into chips, 
hauled away, or both, to ovoid having fires 
on the job. 


MACHINE CLEARING 

Dozers, A dozer is the standard machine 
for clearing. It works best when the ground 
is firm enough to support it, and is without 
pot-holes, guile vs, sharp ridges, and rock. 
Uneven surfaces make it difficult to keep 


the blade in contact with the ground, and 
lead to burial rather than removal of vege¬ 
tation in hollows- However, there are few 
places where a dozer cannot aid hand clear¬ 
ing crews, by clearing areas where it can 
work, moving logs and cut brush, cutting 
roads for supply trucks, or firebreaks. 

Dozers have a particular advantage over 
hand crews where briars and vines arc 
abundant, as these are very tedious to cut 
but can be readily stripped ofT by the blade, 
provided the operator does not take too 
long a pass and get caught in the tangle. 

Light dozers, of the two-ton class, can 
work on very soft ground if it is crusted 
or covered with sod. 

Brush and small trees may be removed 
by a bulldozer walking with its blade in 
light contact with the ground. It will up¬ 
root or break off a number of the stems, 
and bend the rest over so that by a return 
trip in the opposite direction, it can take 
out a number more. If the distance is short, 
it is best to doze the whole patch in one 
direction, then across or backward. 

Individual small trees are first knocked 
over then pushed out with another pass in 
the same direction. 

Results will vary with the type of vege¬ 
tal ton and the condition of the soil, Hard- 
baked soils will cause a high percentage of 
broken stems, while wet or sandy condi¬ 
tions favor uprooting, which is more satis¬ 
factory for most purposes. The work can 
be speeded by having a laborer cut out or 


l-l 


CLEARING 


pick up individual bushes that would other¬ 
wise require another pass by the dozer. 

If the job requires removal of light 
stumps and roots* they may be overturned 
in one pass and pushed out in the next. 
Tt may be necessary to dig several inches 
into the soil to get a grip on them, then 
back blade the soil into the holes. 

Brush heaps may be largely freed of dry 
loose dirt by rolling them over with the 
blade and shaking the blade up and down. 
Jf this is ineffective, rolling them over back¬ 
ward or pushing them from the side may 
be tried. A dozer w ith a blade which can be 
easily tilted down on either end is very good 
at this work, as one comer can be used for 
taking out roots, and pushing piles without 
taking a bladeful of dirt along with it, and 
the blade returned to flat position to skim 
off surface brush. 

Rake Blades. The best tool for grubbing 
is a special dozer blade having tcesh pro¬ 
jecting downward from a solid edge. These 
brush rakes enable the teeth to work be¬ 
low ground level, taking out roots as well 
as surface material, while most of the soil 
may sift back to the ground through the 
spaces between the teeth. These machines 
will remove small or loosened stumps and 
loose rock in the same operation, 

A shovel dozer with a hydraulic dump 
bucket fitted with teeth does the same job, 
except that the teeth are shorter and there¬ 
fore do not penetrate as deeply or sift dirt 
as well. This machine can also pick piles 
up and carry Lhem or put them on trucks: 
build very high piles: dump brush on top of 
fires; can compact brush over a sulky fire 
by patting with the bucket, and pep it 
up with the forward moving air current 
from its reversed radiator fan. 

Any sort of mechanical removal of hrush 
that is to be burned should be done when 
the soil is dry for best results. If it is dug 
in the wet + a lot of mud will stick to it. 
This can sometimes be shaken out again 
when dry by rolling and pushing the piles. 
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Fig, 1-1* Piling brush with dozer 

Work Patterns, In agricultural clearing* 
vegetation is frequently pushed into straight 
windrows, where it k burned after drying, 
or is allowed to decay. The width of cleared 
aisles will depend on dozer power and the 
heaviness of the growth. Single pushes may 
range from fifty to over two hundred feet. 

The simplest method of windrowing* 
Figure 1-1 (A) t is to push from two di¬ 
rections toward a center line. This has the 
disadvantage of burying some vegetation 
without loosening it, which will increase 
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difficulties in burning or moving the pile, 
and require further clearing after burning. 

The pattern in (B) avoids this difficulty 
by building the windrows on cleared land. 
However, any windrow or large pile of 
brush, particularly if it includes trees, may 
be very difficult to rehandle. Brush, roots, 
trees, stumps, and dirt are crushed into a 
mat which often cannot be moved again by 
the dozer that built it. Except in highly in¬ 
flammable growth^ such as fat pine and 
palmetto, the mat may be difficult or im¬ 
possible to bum* even after long drying. 

If it becomes necessary to remove a 
tangled heap, a larger dozer, or a clam¬ 
shell, dragline, or hoc shovel may have to 
be used. Taking it apart by hand might be 
more costly than the original clearing. 

When piling coarse brush or trees, it is 
often advisable to have them cut into 
lengths of ten to twenty feet, after uproot¬ 
ing, This will enable the dozer to handle 
larger loads and to place them more ac¬ 
curately. Piles can be more readily sepa¬ 
rated or moved if necessary. 

When a right of way is cleared, and im¬ 
mediate burning is not required, the brush 
may be stacked in windrows, as in (C) 
or in piles as in (D), outside of the w r ork 
area. 

Burning. In general, however, it is the 
best practice to bum machine cleared vege¬ 
tation at the same time that it is piled. A 
hot fire, including heavy wood, is prepared 
and brush piles pushed up on it- A new fire 
is made when the push gets too long. 

Best results are obtained if the vegeta¬ 
tion is uprooted and allowed to dry at least 
a few days before burning. This may be 
done by backing the dozer into the woods 
from the cleared edge, and uprooting small 
patches, or individual trees, pushing them 
clear of the ground, and then leaving them. 

The trash dries more rapidly scattered 
on the ground than in piles. Dirt will lend 
to dry and break away from stumps* and 
to sift out of roots and stems. 


When burning, the brush nearest the fire 
is put on it firsts 

Fires fed by a dozer tend to get choked 
up with dirt. In general, matted light brush 
is more difficult to clear and to bum than 
heavy brush or small trees, as it tends to 
slip under the blade* or to bring too much 
dirt with it 

The ideal combination for heavy clear¬ 
ing and burning is a large dozer and a dam- 
shell shovel. The dozer can uproot and 
push in brush and trees, and the clamshell 
can pick them up, shake the dirt out, and 
pile them on top of a fire. The clamshell 
can also move unburned ends in and main¬ 
tain the fire. 

A clamshell is also the best tool for use 
in piling brush for future fires, and for 
burning old piles or windrows which re¬ 
quire rehandling. 

Dozer Protection. When a dozer is clear¬ 
ing dense undergrowth, there is the danger 
that it will fall into some hole, natural or 
artificial, whose presence is concealed by 
the brush. This may be guarded against by 
scouting the area on foot, and by moving 
forward in a succession of short pushes 
overlapping each other on the side, as in 
Figure 1-2, This enables the operator to 
watch from one side, without getting 
branches in his face, and to observe the 
nature of the ground. In addition* it avoids 
tangling the dozer in branches and vines. 

Any dozer used for clearing work should 
be thoroughly protected with crankcase and 
radiator guards; the latter including screen 
with holes not over one quarter of an inch* 
and accessible for removal of leaves and 
trash. Care should be taken not to let 
branches jab into the fan or radiator while 
backing up* or to allow them to tangle 
with hydraulic hoses or other vulnerable 
parts at any time. The operator should 
carry hand pruners and an ax or machete to 
cut himself out of tangles. 

Accidents have been caused by branches 
moving throttle and clutch controls. 
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Fig, 1-2. Clearing thick brush 

Cubic Drag. Two powerful dozers or 
tractors may start land clearing by moving 
through the growth on parallel paths* drag¬ 
ging a heavy cable between them. This 
cable should be strong enough to take the 
pull of both tractors* and long enough not 
to pull trees on top of them. On the first 
pass, the cable will pull over most of the 
vegetation, uprooting or breaking off some. 
A return trip is made on the same path, 
uprooting most of the remainder under 
favorable conditions. The loosened material 
is then piled by clamshells* or by dozers, 
preferably with rake blades. 

A third dozer may follow closely to help 
with any tree which the cable cannot 
handle, and push out overturned stumps. 

This method is not effective against low- 
stumps* which can be avoided by support¬ 
ing the cable on a hollow steel ball. 

Disc Harrows* Weeds, soft sod h and light 
to medium brush may be chopped up by 
a heavy disc harrow, The discs should be 
notched and be 24 inches in diameter or 
larger. It should be weighted down and 
towed by a tractor powerful enough to 
travel several miles an hour, as speed in¬ 
creases its effectiveness. It is dragged 


through the standing brush (after scouting 
on foot)* and in soft ground may uproot 
and chop to pieces most of the growth. The 
loose pieces may be removed by hand or 
by a pushing or raking machine. 

Several passes may be required. When 
the brush becomes loose enough so that 
it moves back and forth freely under the 
discs, the harrow will cease to be effective. 

Flows* Sod and w r eeds may be turned 
under by a mold board or disc plow r , then 
be chopped by a light disc harrow. 

A single bottom plow, particularly of 
coulter-knife variety called brush-breaker 
plow, may put brush and even saplings 
underground when pulled through them by 
a heavy tractor. The field can then be 
disced lightly and seeded to some crop not 
requiring cultivation. In a season or two 
all of the original vegetation except occa¬ 
sional trunks will have rotted, and these 
may be removed by hand when plowed up. 
This is strictly an agricultural operation. 
Sickle Bar. A heavy duty hay cutter will 
usually cut brush up to Y*'\ and single 
stalks 1" or more, although with some wear 
and breakage. If the area is cut over about 
once a month for a while afterward most of 
the grow th will die, and any survivors can 
then be grubbed out. 

Oversize plants should be cut flush with 
the ground before using the sickle bar. 

Itutary Choppers. The Bushwacker dis¬ 
integrator will tear up brush and trees up 
to six inch diameter, and leave the fine 
fragments as a ground mulch, 

A rotary tiller of sufficient weight will 
chop brush, roots, and small saplings into 
fragments which may be mixed with the 
soil by leaving the rear door of the tiller 
down, or scattered on the surface for 
raking and burning by leaving the door 
open. Best results will be obtained by 
equipping the machine with special brush 
knives that will reduce the winding of 
branches and vines around the rotor. 
Cleanup. When the final cleanup of any 
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Fig. 1-3. Trash carrier 

kind of brush clearing is done by hand, 
it is helpful to furnish laborers with stick 
carrier, which may consist of a piece of 
heavy canvas* six or more fee: long, and 
two to three wide* with handles on the 
ends, as in Figure 1-3. This is laid on the 
ground, and sticks and branches piled 
across it. The handies may then be picked 
ap and several armfuls carried at a time 
with minimum effort. 

LOGGING 

Subcontracts. If trees are to be removed 
which are of no value on the job, an at¬ 
tempt should be made to sell them. To 
the contractor desiring to confine himself 
to dirt work* the best arrangement is to 
get the customer, whether sawmill, fire¬ 
wood dealer, or whatever, to buy the trees 
on the stump and cut and remove them. A 
danger is that the logger may fail to do 
the work in the time specified, and so force 
the contractor to do it himself at the last 
moment. In making such an arrangement, 
the disposal of the scrap wood and brush 
and the height of the stumps should be 
specified. 

A sawmill operator is interested only in 
large sound trunks, whereas a pulp or fire¬ 
wood man can use bulky branches also. 
The mill will ordinarily pay the best prices* 


but do the least work toward cleanup of 
the tract, unless it has an arrangement with 
pulp or firewood users to take its tops and 
limbs. 

No one wants the rotten trees, crooked 
branches, and brush, but the lumbermen 
may agree to bum them* if this is a part 
of local logging practice; or if the contrac¬ 
tor accepts a complete cleanup job as part 
or full payment for the wood. 

Cooperative clearing arrangements may 
be made in which the logger is assisted by 
the contractor's tractors or trucks. 

Stump Height, Stump height may be de¬ 
termined by local law or lumbering custom. 
From a clearing standpoint, high stumps 
are more easily removed than low ones, 
and are especially desirable when the ma¬ 
chinery is undersize for the job, or depends 
primarily on winches. Low stumps are more 
difficult to cut, particularly where the trunk 
(fares out widely at the bottom, but do not 
impede machines as much, and can often 
be filled over and left. 

Cutting. If the trees are valuable and 
lumbermen will not clear (hem out in time, 
the contractor may cut and stack them for 
future sale. This, as a logging proposition, 
is somewhat out of the field of this book 
and will be considered very briefly. 

The undergrowth should be first cleared 
out to reduce danger to personnel and 
tangles with fallen trees. 

Small trees may be chopped or sawed* 
large ones sawed. The saws may be of 
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the power chain type operated by one 
to three men crews, or two man hand cross¬ 
cut, The tree should be notched on the 
side toward which it should fall, then cut 
through from the other side, as in Figure 
l-4 P Unless very much out of balance, it 
can be forced to fall in the desired direction 
by inserting wedges behind the saw, then 
driving them in with a sledgehammer. This 
will widen the cut, relieve possible binding 
against the saw, and tip the tree in the right 
direction. 

When the tree starts to fall, its full weight 
is carried by a narrow 1 strip at the back of 
the notch, and the wood at that point may 
be crushed. If the saw is caught there, a 
handsaw may lose its set, and a chain saw 
be so pinched as to need immediate repair. 
The saw should therefore be pulled back 
toward the wedge, or clear out of the cut 
if possible, as soon as the fall commences. 
Inexperienced workers will do well to cut 
with a chain saw to the critical point, take 
the saw out + and complete the cut with a 
hand crosscut and wedges. 

[n any case, personnel should be alert to 
pull the saw back as the tree starts to 
lean; and to move rapidly if it falls in an 
unexpected direction, or if it breaks off 
overhead. It is at this time that brush or 
litter underfoot may have fatal conse¬ 
quences. 

A chain saw that is not being used, or the 
generator for an electric saw, should be put 
behind another tree or other protection. 

I. tuners* A tree may fall against other 
trees and be held from reaching the ground. 
If machinery is available, the butt may be 
chained and pulled until the top falls. A 
small or medium tree may be moved by 
putting a log or other fulcrum beside it, 
prying it up with a pole, sliding it a 
short distance, repeating this as many limes 
as necessary. 

If the trunk will not move, it must be 
cut in the air. Because of the strain this 
position places on the trunk, cuts from the 


top will be difficult to keep open even with 
wedges, and these are often difficult to 
drive. The trunk may be notched on the 
top with ax or saw ? then cut from below. 
Logs bucked in this manner are liable to 
split. 

Trimming. When the tree is down, the 
branches should be cut off nearly flush 
with the trunk, before any other trees are 
dropped across it to make a tangle. Light 
branches and any heavier wood which is 
to be wasted, should be piled, burned, 
chopped up, or taken away by methods 
described for brush. 

Removal* The trunks may be dragged 
out of the woods by tractors, or cut 
(bucked) into lengths where they fall. Saw 
logs lor small mills may be from eight to 
sixteen feet long, the size being largely 
determined by the use for the sawed wood, 
the capacity of the mill, and of the trucks 
that carry the logs. Piling, which may often 
be made from thinner trunks than saw 
logs, is left full length. Cord wood is usu¬ 
ally in four foot sections, and split to a 
size that one man can handle, Pulpwood 
varies in length in different localities and 
is usually peeled but not split. 

Dragging Logs* Crawler tractors are the 
standard tool for dragging long logs. Their 
efficiency may be increased by mounting 
winches and dozers, and by use of log 
carriers and various rigs too specialized for 
description here. 

A log is usually pulled by means of a 
chain or cable fastened around its butt, 
choker fashion, and attached to the tractor 
drawbar or winch. The most important 
consideration in arranging this is to get 
the butt off the ground, or riding on it very 
lightly, as digging in will take greatly in¬ 
creased power and will rip up the traiL A 
short line* particularly to the top of a 
winch, is helpful unless the log has a 
greater diameter than the height of the 
drawpoint. 

The log may also be pulled onto a 
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stoncboat, or other sled, and the line 
passed through the eye, or two lines used 
as in Figure 1-5. 

If the tractor is sufficiently powerful, 
several logs may be pulled at a time by 
attaching them individually to different 
lines. If only one line is available, they 
may be fastened with one choker, as in 
Figure 1-6, which should be fastened well 
back, as such piles often come apart while 
being towed. 

Wheel tractors can drag logs through dry- 
terrain, and although the loads will be 
smaller, they may move much faster. If 
the tractor has a hydraulic lift drawbar 
which can be chained to the log to lift its 
butt ofT the ground, its efficiency is more 
than doubled, ns the weight on the driving 
wheels is increased, and friction greatly 
reduced. 

Mucking. If the trunk lies on uneven 
ground, or is partly supported by the 
stump and branches, it will settle as it is 
cut from the upper side, closing the slot 
and pinching the saw. This may be pre¬ 
vented by raising the trunk at or near the 



Fig, 1-6. Fastening pules for towing 


cut by means of auto or house jacks; or, 
for small trees, by raising with a pole used 
as a crowbar, and blocking it up. Another 
method is to drive a wedge or wedges 
behind the saw to hold the cut open. Or, be¬ 
fore the tree is cut, a log may be placed 
so that the trunk will rest on it where it 
is to be bucked. 

Proper bucking may be prevented by 
obstacles such as stumps, brush, rocks, or 
dirt. Sometimes the obstacle can be moved, 
sometimes the trunk can be slid, rolled, or 
lifted free, or cuts may be made at other 
places until the trunk can be moved. The 



Fig. 1-7. Sideboards to hold cord wood 

most frequent trouble is the tree partially 
burying itself in soft earth, so that cuts 
cannot be carried all the way through. 
This may be prevented by dropping the 
tree on logs placed to support it, or over¬ 
come by trenching the din for the saw, or 
jacking up the trunk. 

Moving Short Wood. When trucks can 
get in the woods, cordwood and pulpwood 
arc usually cut to size and trucked out. As 
wood is much lighter than dirt, a dump 
truck can carry- several times its body ca¬ 
pacity, if the pile will stay on. Figure 1-7 
shows a method of placing planks, poles, 
or thin split logs vertically along the body 
sides to permit high piling. These are held 
in place by the piled logs. If the road is 
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Fig. 1-8, Cord wood on stoneboat 

rough, it is wise to pass a chain from the 
body over each row of logs and to tighten 
it with a load binder. 

Jf the wood is cut short, and rain or 
unforeseen mud conditions make trucking 
impractical* it may be dragged out by trac¬ 
tor;. If a stoneboat is available, logs may 
be piled on it, and the tractor line threaded 
through the eyehole over the pile and 
anchored on the back. The eyehole should 
be beveled so that a chain or cable can 
slide freely through it, as the tractor pull 
will then hold the logs to the stoneboat. Sec 
Figure 1-8. I! no boat is available, the 
logs may he piled on the line which is then 
looped around it as a choker. Parts of the 
piles may be chained by snaking the line 
under them, without re piling. 

Storage. Wood should be stored outside 
of the work area where it will be accessible 
both during and after the digging. Poles 
and logs may be very useful in shoring up 
banks, making corduroy roads, getting ma^ 
chinery out of the mud, and other purposes. 
A buyer might be found for the wood at 
any time. Stored logs or cord wood should 
be stacked so as to be off the ground and 
well ventilated. This makes it easier to 
remove them later and delays damage from 
rot and borers. Cord wood is usually 
stacked in easily measured units. 

Personnel* if possible, experienced log¬ 
gers should be employed for lumbering. 
They will He able to do it much more 
efficiently than equally energetic and re¬ 
sourceful men not used to the work. 


STUMP BLASTING 

The most serious problem in tree clear¬ 
ing is the stumps. A few species are valua¬ 
ble enough in certain Localities so that they 
can be sold for more than the cost of 
digging, but the vast majority of them are 
worthless and present a difficult disposal 
problem. 

Dynamite may be used to blow stumps 
clear of the ground, to loosen or Lighten 
them, or to break them into pieces. Stumps 
respond best to slow acting dynamites, but 
the standard 40 percent grade will usually 
give satisfactory results. 

Underground Charges. A hole, or sev¬ 
eral holes can be made under the stump 
by punching with a crowbar, or paving 
breaker, or drilling with an auger. Easiest 
penciration is usually obtained dose to the 
trunk, between heavy root buttresses. Sev¬ 
eral tries may be necessary. If no hole can 
be made deep enough exploding about a 
tenth of a stick of dynamite in a shallow 
one may soften up the resistance. 

A heavy enough charge should be placed 
to blow a crater in the ground large 
enough to include the stump and its major 
roots. A pound of dynamite should move 
about a yard of din, but the charges should 
be varied according to results obtained. 

If the stump has a taproot, a substantial 
part of the charge should be in direct con¬ 
tact with it in order to shatter it. 

If one charge is placed, it may be ex¬ 
ploded by either fuse or electric caps. If 
more than one, electricity should be used 
so that they will go off together. If the 
charge is loo small, it may merely create an 
underground chamber; if too large, it may 
carry the stump or its fragments into for¬ 
bidden territory. The desired result is to 
split it, and lift it dear out of the ground, 
without excessive after-travel 

Wood Drilling. A stump may also be 
blasted apart with a smaller charge by 
drilling directly into the wood, A one and 
one quarter inch drill will make a hole 
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Fig- I“9. Thunderbolt splitter 

large enough for standard dynamite sticks. 
If smaller drills are used, the dynamite may 
be obtained in thinner sticks, or unwrapped 
and stuffed into the holes. Hand extension 
bit drills are generally used, but if a quan¬ 
tity of stumps are to be blasted this way, an 
electric drill powered by a portable genera¬ 
tor will be a big time saver. 

A stump blasted in this manner is usually 
shattered but not blown out of the ground. 
The pieces are generally easier to pull or 
dig out than the whole stump, but not al¬ 
ways. 

Madcap ping. If it is impossible to get 
under the stump and no drill is available* 
it may be broken by placing charges be¬ 
tween the root buttresses and packing mud 
over them. The mud turns the force of the 
explosion inward and lessens the noise and 
concussion. The mud must be free of stones 
and pebbles as they (ly like bullets. A stump 
blasted in this manner is easier to dig out 
than when whole, but may be more diffi¬ 
cult to pulL 

This type of stump may also be loosened 
by cutting the main roots with blasts several 
feet out from the trunk. The dynamite is 
removed from its wrapping* packed closely 
against or around the root* and covered 
with mud or damp earth. 

If the first blast does not loosen the 
stump sufficiently, another can be placed. 


In circumstances where the charges cannot 
be properly placed because of rock, lack 
of toots, or danger of damage to nearby 
property* a series of blasts may be needed. 
If the dirt has blown away from the roots, 
their effectiveness is greatly reduced and 
an ax may do better work than more 
powder. If the roots are entangled with bed¬ 
rock or massive boulders, the rock may 
have to be drilled and blasted. 

A standing tree may be blasted in the 
same manner as a stump, but a much 
heavier charge is required to lift it enough 
to break the roots. However, a moderate 
off-center blast may cause the tree to fall, 
in which case its own weight will snap 
a large number of roots. Trees felled by 
blasting are likely to be badly split and 
useless for lumber. 

If a large stump must be removed by 
hand, or with small machinery, it may be 
necessary to break Li up after getting it out 
of the ground. A Thunderbolt splitter, 
shown in Figure 1-9, is effective at split¬ 
ting loose stumps and heavy Jogs. A charge 
of black powder is inserted in the hollow 
at the narrow end. and held in with wad¬ 
ding while the tool is driven into the 
stump. A fuse is inserted and lit, and the 
explosion usually tears the wood apart and 
throws the tool a considerable distance. Ty¬ 
ing a large brightly colored rag to the split¬ 
ter reduces its travel and simplifies finding 
it. 

Precautions* Slump blasting is dangerous 
work at best because of unpredictable con¬ 
ditions underground. Particularly, a rock 
may be held just over the charge by roots 
in a position that will cause it to take off 
like a mortar shell. Split pieces of wood 
will also fly long distances. Mud or earth 
packs over charges should be free of stones 
or pebbles, and personnel should move 
a long way back from the blast, unless 
good shelter is available. 

All stumps should be accounted for after 
a blast* as they are sometimes blown up 
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in trees, where they stay until dislodged 
by wind or another blast, with serious re¬ 
sults to persons underneath. 

If the blasting is to be done near build¬ 
ings, logs or saplings chained together 
should be piled on the ground on the side 
of the stump toward the building, to stop 
stones and fragments from flying. Regular 
blasting mats are safer, but if machinery 
capable of handling them is on the job. it 
generally can pull the stumps without the 
necessity of using explosives in close quar¬ 
ters. 

Applications. Blasting ahead of stump 
moving machines has several uses. It re¬ 
duces the power requirement, which is good 
when the stump is big enough to argue 
with the machine, and saves time in any 
case, A factor which is often more impor¬ 
tant Is that blasting the stump loosens the 
mass of earth held by the roots, so that 
much or all of it will fall ofT during han¬ 
dling. This earth is a large part of the 
weight of many stumps and increases the 
difficulty of moving and burning them. 
Blasting is ineffective at removing the dirt 
once the stump is out of the ground. 

Stump blasting is generally ineffective in 
sandy or powdery soils, as the force of 
the explosion flows around the roots with 
minimum breaking effect. These soils also 
fall off the stump rather readily without 
blasting. 

The relative size of holes left by blasting 
and by pulling varies with tree species and 
soil conditions. 

PULLING STUMPS 

A standard method of taking out stumps 
is to pull them by means of a line around 
the trunk. The line may be a chain, cable, 
or rope, and the power may be direct pull 
by a machine or animal, winding in of 
cable on a winch, either machine or hand 
powered, or a combination of these meth¬ 
ods with pulley blocks. 

The stump line is generally a choker type 


which tightens its grip as the pull increases. 
In smaller sizes, chain is preferred because 
it is easier to carry, safer to handle, and 
more resistant to abuse. However, it is 
much heavier than cable for the same 
strength, and in large sizes is too weighty 
to be practical. 

Line pulling is preferred when the 
ground is loo rough or soft to allow ma¬ 
chinery to gel at stumps directly, and when 
available force needs to be increased by 
multiple lines. 

Chains. A more detailed description of 
chain and fittings will be found in Chapter 
21. A standard tow or logging chain is com¬ 
posed of short straight links, carries a 
round hook on one end and a grabhook 
on the other. The round hook may be fas¬ 
tened to the chain by a ring, or a ring may 
be used instead of this hook. 

Either the round hook or the ring can 
be used in chokers. The hook is easier to 
attach and to detach, but may fall away 
from the chain when it is slack. The ring 
may be used by passing the grabhook 
through it and pulling from the grabhook 
end; or for stumping, the chain near the 
ring may be pulled through it to form a 
loop that is dropped over the stump. 

The grabhook fits over any individ¬ 
ual chain link, and will not slide along 
the chain. It is used to adjust the length 
of chain by increasing or decreasing the 
amount of double line, by moving it toward 
or away from the choker end, or passing 
the chain behind a tractor drawbar pin, 
and preventing it from being pulled out 
again by attaching the grabhook to the 
slack side, making it too large to be pulled 
through the space. In this case the surplus 
chain is slacked, and if it is long, must be 
hung on some part of the tractor. See Fig¬ 
ure 1-10, 

Grabhooks are used to anchor a chain 
to a tree that is to be saved. The lack 
of sliding pressure makes it possible to 
protect the bark by pads and sticks placed 
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which are In one plane should lie in a 
straight line. 

Alloy steel chains weigh only about a 
third as much as standard chains in propor¬ 
tion to strength. If a crew is careful enough 
not to lose chains, and is conscientious 
enough not to abuse them by kinking or 
gross overloading, alloy chains will amply 
repay their much higher cost in reduced 



Fig. I-10. Grab hook uses, and stump choker 

on the side receiving the pull The grab- 
hook may also be used to make a ring 
which can be used to make up a choker. 

Figure 1-11 shows three ways of fas¬ 
tening a chain to a slump. In each case, 
the stump is shown to be grooved by an 
ax at the back. This cut is quickly made 
and will prevent the chain from squeezing 
off during the pull, and will delay its slip¬ 
ping oil as the stump leans. ( A) is the easi¬ 
est and most usual method, pulling at the 
center; (B) is a side pull, a little harder to 
arrange, but which puts less of a kink in the 
line, so that it can be used with cable as 
well as chain, and gives the advantage of 
a twist on the stump; and (C) the over¬ 
head method which requires an inverted T 
notch. This gives the greatest leverage but 
is more likely to slip off than the others. 

Care should be exercised not to put 
loads on a chain that is twisted or kinked 
as it will be broken or damaged. It can be 
readily checked for straightness as the links 




Fig. 1*11. Fastening line to stump 
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labor and fatigue, and by greater efficiency. 

As an example, one W alloy chain, 
weighing 1.6 pounds per foot, is thirty per¬ 
cent stronger than the same make of W 
ordinary chain, weighing 4.1 pounds per 
foot. 

It is recommended that the alloy chain 
be dipped in bright red paint so that it can 
be easily recognized, and recovered readily 
if mislaid. 

Broken Chains. A broken chain is best 
repaired by having new links forged into it 
by a blacksmith. However, good field re¬ 
pairs may be made with a variety of patent 
repair links, or by shackles with removable 
pins. Links that have been stretched thin 
may not admit the proper size repair piece, 
and may have to be cut off with a chisel 
or hacksaw, or opened by supporting on a 
block with a hole in it, and spreading with 
a punch and hammer. 

A broken chain may be used temporarily 
by making a square knot and tying the end 
links together with wire or string. If there 
is not enough chain, a half knot should be 
used and the ends fastened with a bolt. A 
bolt may be used without any knot, but will 
pull apart more easily than a link. Two 
grabhooks connected by a ring can be used 
for temporary repair and for shortening. 

If the chain is too weak for the job, an 
attempt should be made to double it. It may 
be looped around the load and fastened by 
its two end hooks or rings to the drawbar, 
11 it is looped around the drawpin. links 
may be bent or crushed. 

Cables. Only the method shown in Fig¬ 
ure 1-11 (B) should be used in pulling a 
stump with a cable choker, as the sharp 
bends involved in the others will cause early 
breakage of the cable. 

If a double cable line is used to reduce 
strain, or to shorten the rope, it should not 
be bent around sharp angles. A stump is 
generally round and smooth enough not 
to cut a cable wrapped around it, and the 
end hooks or loops can be attached to the 


drawbar. If the load is angular, it is better 
to fasten a snatch block to it with a chain 
or sling choker, and to run the long cable 
through the block pulley. 

[f a double cable is so wrapped around 
the toad that it cannot slide around it, great 
care must be taken to adjust it so that both 
ends share the strain equally, unless a sin¬ 
gle line is strong enough to take the entire 
pull alone. 

Root Hook. A root hook may be used 
when a stump is too big to pull directly 
Enough soil is dug away to expose the 
lateral roots, the hook is placed to grip one 
of these, power is applied, and the root 
tom out. This process is repeated until the 
slump is sufficiently weakened to be taken 
out on one of the root pulls, or by direct 
pull on the butt. 

The root hook may also be laid on top 
of a stump, with the teeth in a notch on the 
back, A pull on this gives excellent lever¬ 
age, but the edge of the stump is liable to 
tear off. 

Taproots, The presence of a taproot in¬ 
creases resistance of the stump. If the 
ground is hard, this root may be broken or 
pulled apart. If the ground is soft, or the 
wood very tough or pliable, the pivot point 
may crush and the root bend so that the 
pulling power is exerted directly against 
the length of the root, without benefit of 
leverage. In such a case, the upper roots 
of the stump may be torn up sufficiently so 
that an ax, or a special long chisel, can 
reach and cut the taproot. The cut should 
be made while pulling as tension makes the 
wood part more easily. 

Pulling Clear. If the force is sufficient to 
uproot a stump, the roots opposite the pull 
break first, then those at the side, permit¬ 
ting the stump to he pulled onto its side, as 
in Figure 1-12 (A), If the line does not 
slip ofT, the stump may be rolled and 
dragged out of the ground, but this often 
takes much more power than overturning 
the stump, and may be beyond the capacity 
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Fig. 1-12. Stump pulling 


of the machine that is doing the pulling. 

[f the stump will not come all the way, 
the line may be slacked and a log placed or 
chained against the stump, as in (0). This 
log will provide a new fulcrum and aid the 
breaking out. Or the line may be taken of! 
and the tractor moved to pull in. the op¬ 
posite direction, which should free it with¬ 
out difficulty. If a number of stumps are 
being pulled, all of them may be over¬ 
turned one way, before pulling the tough 
ones in the opposite direction. 

Half uprooted slumps are easily 
knocked out by dozers, and may be left for 
them to save the trouble of re-rigging. 

Resistance. A stump's resistance varies 
in different directions. If on a slope, down¬ 
hill pull is most effective. Otherwise it 
should be pulled toward its strongest roots, 
as these are easier to bend than to pull 
apart, and can be dealt with more easily 
when the rest of the stump is loosened. 

The most obvious variable in stump re¬ 
sistance is its height. Greater height means 


greater leverage and easier pulling. Limit¬ 
ing factors arc difficulty of high cutting, of 
fastening heavy chains at a height, and of 
the trunk breaking under pull. 

A buried slump is the hardest of all 
to pull and usually must be dug out. On 
filled land, two separate systems of lateral 
roots may be found, one under the old 
ground level and the other near the surface, 
in which case it may be necessary to cat the 
trunk below the upper roots, in the same 
way as a taproot, 

A slump which yields to pull but will 
not break loose, can often be uprooted by 
moving it as far as possible, slacking off 
to allow it to settle back, and pulling again, 
repeating this process a number of times, 
This is most effective if done slowly and 
smoothly, whether with winch or traction. 
This method is very effective with trees, 
as the trunk will bend with a whipping mo¬ 
tion that exaggerates the force of both the 
pull and the snap back, 

Chopping the roots on the side opposite 
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the puII T while they are under maximum 
tension, weakens the resistance. A moder¬ 
ate amount of digging will generally expose 
the main lateral roots. 

When a stump has been split by blasting, 
the pieces are most easily pulled away from 
the center, rather than across it. 

Up routing Trees. If trees are so large 
that their slumps will be difficult to remove, 
it may be advisable to pull the trees over 
rather than to cut them down. This gives 
the opportunity to fasten lines as high as 
desired and to make use of the weight of 
the tree. As soon as the tree is pulled 
toward the tractor* its center of gravity 
shifts to that side and aids greatly at break¬ 
ing out the roots. If a large log is chained 
to its base* on the pull side* the force of 
the tree T s fall will be more effective at 
breaking loots on that side. The log will 
also serve to prevent the trunk from digging 
into the ground where it would be difficult 
to cut. 

If the tree lends to break or split instead 
of uprooting* additional chokers may be 
used below the main pull point to distribute 
the strain and bind the trunk together. This 
can be done by pulling with two or more 
machines, or with multiple lines and blocks 
that will be described later. 

If the trunk is smooth, a ladder will be 
needed to get a high grip. The chain may 
be.held from sliding down by a nail, when 
necessary. 

Pulling trees is apt to be wasteful of lum¬ 
ber as the boitom of the trunk may be put 
under such strain that it will split when cut. 

Pulling Sin all Growth. Brush and small 
trees often grow where they cannot be 
reached by pusher machinery* because of 
soft or rough ground, or nearness to build¬ 
ings. A landowner may wish to do his own 
clearing without hiring a dozer. Hand cut¬ 
ting may not be satisfactory because of 
sprouting. In such cases pulling techniques 
will be applied to small growth. 

An automobile has sufficient power for 


pulling some brush and small* stiff-trunked 
trees, but the work doesn't do it any good. 
Trucks and farm tractors usually put more 
power on the job and are Jess likely to be 
damaged by the exertion. 

If the stems are stiff, fastening may be 
made high for leverage. If they are flexible, 
height does not matter, and the greater 
strength of the base may make it the best 
place. 

Chains lend to slide along smooth stems 
and they often cart be made to grip by 
wrapping once or twice around before fas¬ 
tening, Light chain with small links holds 
much better than coarser types. A round 
hook or ring should be used to make a 
choker. If stems are close together, it is 
often possible to pull several at a time by 
putting a single choker around the group. 
It will slide up until it can pull them all 
tight together and then should hold. 

Brush tongs get a good grip on small 
trees and flexible plants, and are easy to 
attach and to remove* but their weight may 
outweigh these advantages. 

Plants too well rooted to respond to the 
power available may be weakened by dig¬ 
ging out and cutting roots, or pulleys may 
be used to step up the power. 

WINCHES 

Power to pull stumps may be supplied by 
almost any machine or by animals. The 
crawler tractor is preferred for heavy work, 
but wheel tractors, trucks* and oxen may 
also be used. However, the most powerful* 
most convenient and best controlled pull 
is obtained from winches. These are most 
efficient mounted on crawler tractors* but 
may be on wheel tractors or trucks* or be 
portable units operated by a hand crank. 

For general clearing work* the most ef¬ 
fective tool is a bulldozer carrying a power 
winch. The winch consists o( a heavy spool 
drum that is mounted on the back of the 
tractor and driven by the power takeoff. It 
is controlled by the tractor main dutch and 
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the power takcolT engagement lever. In 
addition, it may have a transmission p giving 
rotation of the drum in either direction, and 
in large machines permitting several speeds 
of rotation. A jaw dutch or neutral gear 
is used to disconnect the drum from the 
drive shaft, to allow it to turn freely when 
the cable is being removed. A brake is 
provided to slow F or lock the drum when 
necessary. 

The winch may hold two hundred or 
more feet of cable of a size proportionate 
to its pow r er. Additional cable can be car¬ 
ried on a separate spool and connected to 
the winch cable by a choker device when 
needed. 

In small si^es, die winch cable generally 
is fastened at the working end to a short 
piece of chain equipped with a round hook. 
Larger cables may be fastened directly, or 
through a swivel or single link, to a round 
hook, or a wide face cable grip hook. The 
cable is generally unde mound on the drum* 
that is* leads from the w^ork to the lower 
part of the drum. This gives better stability 
under heavy load than overwinding. 

Stump Pulling. To winch out a stump, the 
tractor should be placed facing directly 
away from it p and both brakes locked on, 
The winch jaw clutch should be released 
and the brake set to drag very slightly, and 
the cable pulled to the stump by hand. If 
the brake is not used, the drum may con¬ 
tinue to spin after being pulled, and unwind 
and snarl the cable. 

If the winch will not freewheel, or the 
cable is very heavy, the drum is turned 
backwards by the engine to pay it out. It 
is convenient to have two men, one to 
operate the winch and (he other to pull 
the cable. If no helper is available* the 
operator can stand near the winch while 
it turns, stripping the cable and coiling it 
on the ground until he thinks he has 
enough. He then stops the winch and drags 
the cable to the stump. The cable must then 
be whipped up and down and twists 


worked out to avoid kinking when pulled. 

The winch cable may be put around the 
stump directly* hooked to a choker chain 
or cable, or may be run through one or 
more snatch blocks. 

Power is applied to the winch and the 
cable is reeled sn h care being taken to see 
that it feeds onto the drum properly. The 
stump may come out or the tractor may 
be dragged backward- If the latter, the trac¬ 
tor may be anchored by a chain from the 
blade or front pull hook to a tree. Resist¬ 
ance to pull may also be increased by back¬ 
ing it against a log or bank, or by trying 
to pull die stump by tractor pull and allow¬ 
ing the tracks to spin until they have built 
mounds behind them. If the anchoring or 
blocking is effective* the stump will come 
out if nothing breaks or slips and the 
engine does not stall 

The drum carries a number of layers of 
cable so that it has a greater spool diameter 
full than empty. It therefore reds in cable 
more slowly and powerfully on a bare drum 
than on a full one. On a bare drum, log- 
ging winches will give 50 to 100 percent 
more pull than the tractor itself; on a 
full drum* the same pull as the tractor or 
somewhat less. Special heavy duty winches 
may be obtained w'ith much more power. 

Jammed Cables. Using a nearly bare 
drum not only gives the greatest pull but 
reduces damage to the cable. If a long cable 
is wound smoothly onto a drum under 
moderate tension, and a heavy pull applied 
when it has built up several layers, the last 
wrap may squeeze between the wraps be¬ 
low, as in Figure 1-13 (A). This scrapes 
and wears the cable and jams it so that it 
will not spool off again, The best way to 
free it is to turn the drum until the catch 
is in the position shown in (B)* and jerking 
it, or anchoring the end and driving the 
tractor away. Or, in the same position on 
the drum* the cable may be given a couple 
of wraps around the drawbar, and the 
winch turned backward as in (G). 
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Fig, 1-13, Freeing winch cable 

If the cable is wound unevenly onto the 
drum, with the wraps crossing each other 
at random, it cannot cut down between 
lower layers readily, but may put severe 
kinks in sections of cable that cross under 
it, and this cross wrapping may not entirely 
prevent it from squeezing in and sticking. 

In spite of these difficulties, a long cable 
is desirable for general work, If reasonable 
effort is made to spool it in evenly while 
working, it will usually be rough enough to 
prevent excessive sticking, without too 
much bending or crushing, 

Two-Part Line. Where the distance to 
the stump is less than half the cable length. 


a two-part line may be used by attaching 
a pulley to the stump and by running the 
line from the winch around the pulley and 
back to the drawbar. The useful strength 
of the cable and the puli between the trac¬ 
tor and! the stump are doubled. 

The tractor may have to be backed 
against a heavy log or an outside anchor 
used in the manner to be described below. 
The tractor should not be anchored by the 
front pull hook while using a double line 
anchored on the drawbar, unless the manu¬ 
facturer will state that it is strong enough 
to take the strain. 

Rocking. The winch and tractor pulls 
differ in quality and it may happen that 
the pull of the tracks will do jobs that the 
winch will not. Use of the tractor drive 
helps in "rocking*’ stumps or trees out. The 
line is left slightly slack and the tractor 
moved forward in low. As the line tightens, 
the stump may lean a few inches, then stop. 
When the tracks start to spin and the clutch 
is released, the weight of the slump, com¬ 
bined with the spring in the roots and in 
the line will pull the tractor back. The 
clutch is immediately re-engaged and held 
until the tracks spin or the engine lugs 
down again. 

If the stump is within the tractor's power 
range, repeating this maneuver should 
gradually break it out. A long cable has 
more elasticity than a short one, or a chain, 
and will be more effective at rocking 

This procedure should not be allowed to 
degenerate into yanking, where the tractor 
is given a long enough slack run to be 
brought up with a jerk when it tightens. 
This will break more tractors and cables 
than it will pull stumps. 

Cable Breakage. Cable or chain break¬ 
age is a serious danger to both operator 
and helpers. A cable particularly stretches 
under strain, and if it breaks suddenly, may 
whip with great force. The danger to the 
operator is greatest if ihe break is fairly 
near him. The cable used should be the 
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Fig. (-14. Temporary cable repair 

best quality, in die largest size recom¬ 
mended by the winch manufacturer, if the 
tractor is to be anchored or used for rock¬ 
ing; and it should be inspected frequently 
for w r cak spots. 

Another danger inherent in the use of 
cable is cutting and tearing of the hands 
and clothing on broken wires. Preformed 
cable gives minimum trouble of this kind 
and should be used when possible. Leather 
palmed gloves are good protection for the 
hands. 

Either hemp center or wire center cable 
may be used, according to preference or 
manuafeturer's recommendation. Wire cen¬ 
ter is about 10 per cent stronger, size for 
size, is stiffer + and is not as easily deformed 
by crushing. It is more difficult to handle* 
and when kinked or crushed is much harder 
to straighten. Standard 6 x 19 constructions 
are usually recommended. 

It Is good practice to work a winch at 
less than its maximum capacity, and to 
avoid anchoring the tractor unless abso¬ 
lutely necessary, Moderate loads give long 
life to cables and winch parts, and avoid 
severe catching on the drum. If the work 
is heavy, strain can be reduced by the use 
of pulleys and multiple lines. 

Broken cables can be repaired by splic¬ 
ing* but the length of cable used in the 
splice, and the labor involved, may be too 
great to justify this method for the short 
cables ordinarily used in land clearing. 

A rough repair may be made by trim¬ 
ming back the broken ends, overlapping 
them as in Figure 1-14, and fastening 
them with two or three cable clamps, for 
sizes up to half inch or five eighths* or with 


three or more for larger sizes. Or two inter¬ 
locked loops may be made; as in (B), 
fastened with clamps, or any type of loop 
fastening. Cables repaired in this manner 
are weakened but may last a long time. 
The patch will not go through pulleys 
and is inconvenient in other ways. 

Winches on Wheel Tractors* If a winch 
is mounted on a wheel tractor or truck, it 
is usually necessary to anchor it for heavy 
pulls. The anchor chain or cable should 
be attached to the winch frame, or to a 
heavy member as near to it as possible, to 
reduce strain on die tractor. 

An important consideration in the use 
of these winches is the fact that the cable 
will tend to take a straight line between the 
work and the anchor. In making a high 
pull, as in Figure 1-15 (A) + the tightening 
cable may lift the tractor and turn it over 
sideways. In (B) the downward pull may 
blow the tires, unless the axle housing is 
blocked up, as in (C). 

If a wheel tractor is not anchored, a rear 
winch must be underway nd, and care must 
be taken that the machine does not over¬ 
turn through rising on the front, a danger 
which is particularly serious if the tractor 
is driven to move the load. 

Winches that will pull loads up to fifty 
tons can be mounted on rather light wheel 
tractors. 

Truck Winches. Truck winches may be 
of the spool drum type, and may be 
mounted in the front bumper, on a flat bed 
body, or between the body and the cab. 
Gypsy spool winches or catheads are gen¬ 
erally mounted vertically on the forward 
part of a flat body. 

The principal handicap of a truck winch 
is the difficulty of maneuvering it into posi¬ 
tion for a straight pull. One or more pulleys 
may be required to obtain a proper direc¬ 
tion of pull and a straight line onto the 
winch. The truck should have all the 
wheels blocked, or be anchored by a line 
from a frame member near the winch- 
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Fig, 1-15. Vertical effects of winch pull 


The gypsy spool or capstan, Figure 
1*16, does not carry cable. A hemp rope 
h looped around it two or three times, with 
one end attached to the work and the other 
end held by the operator. If the operator 
leaves it slack, the spool will turn inside 
the rope: if he pulb it tight, the working 
end of the rope will be pulled with great 
force. The slippage on the spool absorbs 
shocks that would break the rope and en¬ 
ables it to do very heavy pulling, under 
e^act control. However, the gypsy is not 
ordinarily used for stumping. 

Hand Winches. Hand winches are turned 
by a hand crank, operating through one or 
more sets of reduction gears. Under most 
conditions, it is not possible to make a full 
turn of the handle because it strikes ob¬ 
structions, or passes through awkward po¬ 


sitions. A large part of the work of winch¬ 
ing consists in removing and replacing this 
handle, and if much work is to be done, a 
ratchet handle should be purchased, or 
made up by adapting one from a heavy 
socket set. 

The winch is usually equipped with a 
friction brake and a pawl that can be en- 
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Fig, 1-37- Slump pulling layouts 


gaged to prevent it from turning backward 
when the handle is released. 

Operation of these devices is tedious be- 
cause of the number of crank turns which 
must be made to reel in the cable; and 
exhausting because of the force which must 
be applied to the handle to develop the 
rated pull of the winch. It is important that 
it be thoroughly lubricated* 

Eland winches can be used in places in¬ 
accessible to power equipment, are com¬ 
paratively inexpensive and are surprisingly 
powerful. Sometimes they can take out 
tougher stumps than a power winch of the 
same puli because the line can be left taut 
and tightened gradually or from time to 
time as the stump yields. Their weight, with 
cable, may be from 75 to 300 pounds, so 
lhat carrying one of them any distance is at 
least a two-man job. Carrying or dragging 
it with a small tractor is often advisable, 
Hand winches are sometimes mounted 
on a truck, in which case they serve largely 
as a spool to carry cable, most of the pull¬ 
ing being done by ihe power of the truck, 
if the job is too heavy for the truck, it may 


be anchored or blocked and the work done 
with the winch handle. 

If not mounted on a truck or other car¬ 
rier, the winch should have a V-shaped 
towbar, or a subframe by which it can be 
anchored. Blocks should be provided to 
build up a base in line with the pull* as, if 
this is high, the winch will be lifted off the 
ground and will not be steady enough to 
allow turning the handle, 

MULTIPLE LINES 

Snatch Blocks* If pulling stumps takes 
the fall power of die tractor or winch, it 
may be advisable to use snatch blocks to 
obtain greater power at slower speed. These 
devices, also known as blocks and as pul¬ 
leys, are pulleys set in frames that are pro¬ 
vided with one or two round hooks or rings, 
usually on swivel connections. For most 
held work, single pulley wheels, with a 
latch arrangement permitting insertion of 
□ cable at the side, are best, as cables usu¬ 
ally carry attachments too large for thread¬ 
ing; a tedious job even when posstble. 

These blocks can be obtained in sizes to 
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Fig. MS. Use of sling block 


match any cable or strain. In large sizes 
they are very heavy, and several men. or 
a small wheel tractor, or light donkey 
winches may be used to move them. 
Figure 1-17 shows several riggings us¬ 
ing pulleys. If the lines are approximately 
parallel, and the pulley bushings lubricated, 
each additional line will add about 90 per 
cent to the single line pull This puts no ex¬ 
tra strain on the winch cable, but the chokers 
holding the blocks must take the combined 
pull of ail the lines fastened to them. 

The advantage obtained from the use of 
a block is decreased when the lines; are not 
parallel, beaming zero when the angle 
between the lines is 114°. Still wider angles 
result in loss of power. 

The number of lines that can be put on 
one slump may be determined by the num¬ 
ber of blocks on hand, the space available 
for fastening them, the strength of the 
available anchorage, or the amount of 
cable. Light machines may use six or 
eight blocks on a heavy stump, 

Rigging is simplified by the use of series 
and sling blocks as in Figure I-I8 t (A} + 
The tractor line passes around a block 
pulley to an anchor, doubling the pull at 


the block frame. This is attached to a 
heavier line which passes around another 
pulley to an anchor. The second pulley is 
pulled with almost four times die power of 
the winch. 

The sling block makes possible use of 
a double choker on the iree being pulled. 
The choker cable is approximately centered 
in the sling pulley, and both ends are 
hooked around the tree. Such a double 
choker can be of lighter and more flexible 
cable than a single choker. 

Ringing* Multiple blocks require care in 
rigging and pulling. Two anchors arc better 
than one as they spread the cables over a 
wider space where diey are less apt to 
interfere with each other. Each block is best 
fastened lo a separate choker, but one may 
be fastened to each end of a chain passed 
behind the slump if it is strong enough to 
take a double pull; or one lo both ends of 
a chain given one lum around the stump. 
It is good practice so notch the slump for 
each chain used so that the chains and 
blocks will not slide into each other as it 
yields. 

Rigging is done with the lines slack. 
When they are pulled light an inspection 
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Fig- 1-19. Take-up block 


should be made to make sure that no pulley 
latches have fallen open, as a pull on an 
open block will bend it and cut the cable; 
that no pulleys arc jammed with debris, 
or liable to pull into each other, and that 
no chain hooks have become disengaged. 
As the line is wound in. all blocks should be 
watched to make certain that they do not 
collide. Lines should not be allowed to 
drag on each other. 

If the winch does not carry sufficient line 
for the distance or the number of lines in¬ 
volved, extra line can be added by the use 
of a take-up block, as in Figure I -1 9 (B). 
Standard practice is to use the winch line 
from the tractor to near the first snatch 
block, and the extra line for reeving. The 
take-up cannot be pulled through a snatch 
block, and is liable to cause trouble if 
included in the multiple lines. 

The extra line is often carried on a spool 
supported on a pipe axle and brackets. This 
should have a drag brake of some kind to 
prevent spinning when paying out. The 
spool is sometimes mounted on a tractor or 
light truck, and the engine power used to 
reel in surplus cable. 

Anchors. It is often a question of 
whether the stump or the anchor will yield. 


Anchor lines should be as low as possible 
and stump lines high- ft may be best to 
pull the largest stumps first, using several 
smaller ones for anchorage if necessary. In 
a clean clearing job, there is always one last 
stump for which there is no anchor, and if 
it is small* it may be pulled out directly; 
or in any case it wil respond to less elabo¬ 
rate artificial anchors than a large one. On 
the other hand, a large stump will be a 
dependable anchor, and will prevent the 
need of frequent re-rigging when anchors 
pull out. 

The final stump may be pulled by use of 
a living tree us an anchor. A choker should 
not be used under any circumstances on a 
tree which is to be preserved; padding and 
blocks should be used with a grab hook loop. 

If no anchor is available, one may be 
made, ground conditions permitting, by 
digging a T shaped trench, two or more feet 
in depth, as shown in Figure I-20. A log 
is placed in the crossbar, the cable an¬ 
chored to it and led up through the sloping 
trench toward the work. Load and local 
conditions will determine the depth of cut 
and size of log. In medium soil, a standard 
railroad tie two feet down should hold a 
horizontal pull of five tons., 


1-21 





Fig. 1-20 Artificial anchor 

Advantages of Blocks. Stump pulling 
with a winch and blocks takes more time 
and care than direct winch pull, but results 
arc generally more satisfactory. Jerks and 
jars which are destructive to machinery and 
cables are largely eliminated. Lighter cable 
may be used and a sufficient number of 
lines will reduce the tension on any one 
so much that squeezing and crushing on 
the drum will not occur. 

A snatch block may be used to advan¬ 
tage with an anchored winch to avoid shift¬ 
ing its direction for each slump. Figure 
1-21 shows a plot in which a number of 
scattered stamps are to be pulled, A snatch 
block is anchored to one of them and the 
line led through it. The line can then be 
attached to stumps straight in line with the 
winch, or to any on the opposite side from 
the anchor, as the pulley will lead the line 
almost straight in, at the price of a small 
friction loss. The pulley is best placed at a 
moderate distance from the winch so that 
the cable can feed evenly onto the drum, 
instead of tending to pile up in the center. 
The line from pulley to anchor should be 
short to keep shifting of the pulley to a 
minimum, 

PUSHING AND DIGGING OUT 

Bulldozer, Trees and their stumps may 
also be pushed over or dug out by a 
bulldozer. The blade is raised as high as 
possible to contact the stump near the top, 
and walked into it in low gear. If the tree 
yields, the push should be continued until 
the blade loses effective contact, or the 
roots under the tractor bulge. The dozer 
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should then be backed and the blade 
dropped under the upturned roots. By mov¬ 
ing forward gradually and lifting steadily, 
the stump may be rolled out of the ground, 
although extra passes may be needed to 
break all the roots clear 

A number of small trees may be pushed 
over at a pass, and the dozer backed to 
take out the upturned stumps on the next 
trip. 

Before ramming a tree with any type of 
machine, the operator should look to make 
sure that it is alive or at least sound. If a 
rotten tree is pushed near the base it may 
break high up and a top section fall on the 
dozer. Large dead branches are sometimes 
dropped with equally disastrous conse¬ 
quences. A dozer to be used extensively for 
tree pushing should carry overhead guards 
for the operator. 

A tree may bend or split without affect¬ 
ing the roots, in which case the push should 
be applied lower on the trunk, or from a 
different direction. 

Digging OuL If it does not yield at all 
to pushing, it must be dug out. This is 
done by trenching around it with the dozer 
to cut the roots. If done systematically, this 
may follow the pattern in Figure 1-22, but 
it is frequently unnecessary lo go through 
the whole procedure. Each time the dozer 
cuts a big root, it may turn and push the 
stump to see if it is loosened. The operator 
will often be able to tell when it has been 
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Fig, 1 -22. Digging out stump 


softened up by the way it shakes as the 
roots break. Many operators do not bother 
with cut number 4, but it helps with very 
heavy stumps, particularly when cut low. 
The ramp need be built only after an at¬ 
tempt to uproot from a lower level has 
failed. 

Roots should be cut as close to the stump 
as the power of the dozer permits, but it 
is a waste of time and power to buck at a 
heavy root repeatedly when it could be 
easily broken a foot or two farther out and 
the stub crumpled back. 

Pushing over a stump may leave a hole 
so large that the dozer cannot cross it to 
complete the tearing out. In this case, the 
dozer may be stopped at the edge with 
brakes locked and the blade holding the 
stump up. The operator can climb down 
and block the stump from settling back 
with stones or a log, then back the machine 
and push din into the hole, or break down 
its edge so that it can walk into it. 

If an area is to be excavated after clear¬ 
ing, stumps may be left until digging has 
undermined them and cut many of their 




Fig. 1-23. Stumping with shovel dozer 

roots when they can be easily removed. 

Shovel Dozer, A shovel dozer can re¬ 
move stumps in the same manner as a 
bulldozer, or make use of the hydraulic 
control bucket in special techniques. A 
stump of small to medium size may be dug 
by tilling the bucket floor downward from 
thirty to sixty degrees and forcing it into 
the ground close to the stump, as in Figure 
1-23, using both down pressure and for¬ 
ward motion. With the machine pushing 
forward, the bucket 1$ then flattened and 
may be driven under the slump, cutting and 
tearing the roots, and then lifted, breaking 
the stump out of the ground. If it falls off, 
the bucket is dropped to contact it and to 
roll it out of the ground. If it slays in the 
bucket, it can be carried to a pile or loaded 
directly on a truck. 

The high lift gives the dozer shovel ex¬ 
cellent leverage for pushing over trees. 

Bucket teeth are desirable for stumping 
as they aid penetration, get a better grip on 
the stump, and are useful for knocking dirt 
oil the ball, and for raking out roots. 

Methods of handling stumps with a 
dozer bucket are described in Chapter 16. 

Selection of Machinery. Big machines, 
and special machines, greatly reduce time, 
effort, and breakage in clearing work, and 
should be used whenever a job is large 
enough to justify their purchases or hire. 
Stumps that can be knocked right out 
of the ground may be removed at the rate 
of one a minute or better; moderately re¬ 
sistant ones may take two to five minutes; 
and those which are definitely oversize may 






































CLEARIN G 


take an hour or more. It is easy to sec the 
time that can be saved by applying over¬ 
whelming power. 

A good clearing team may be made from 
a heavy tractor with a stumper, assisted 
by a smaller one with a shovel dozer. If 
these machines work together closely, the 
stumper can devote its entire lime to break¬ 
ing out the big ones, while the dozer takes 
out small stumps, knocks down brush, 
finishes off loosened stumps, piles and re¬ 
moves them, and smooths off the ground. 

Revolving Shovels. The backhoe is prob¬ 
ably the best stumper among the shovel at¬ 
tachments, Usually, the operator tries to 
take the stump by a direct pull first, [f it 
resists, it can be weakened by chopping 
roots on the far side and by trenching at 
the sides. Except in the case of very large 
stumps, digging and removal can be done 
from one position, it may be necessary to 
put blocks against the tracks to prevent the 
shovel from dragging toward the stump 
when power is applied. 

A dragline is used in the same manner 
but is less efficient at chopping roots, and 
docs noE have as strong a pull. However, it 
can often take out a number of stumps 
without changing position, and is able to 
backfill the holes and grade the area at 
the same time. 

A dipper stick is used in somewhat the 
same manner described for a dozer shovel, 
it has more penetration and can trench to 
cut rooEs more readily but is less maneuver- 
able. 

The hoc and the dipper are more effec¬ 
tive than dozers in rocky ground and 
among interlocked stumps as they can ap¬ 
ply their power in smaller spaces. It h 
often necessary to devote time to digging 
out rocks before the stump can be attacked. 
If the roots are strongly entrenched in bed¬ 
rock or over-size boulders, the rock may 
have to be blasted before the stump can be 
pulled. 

Rippers and Pans. Rippers may be used 


to cut stump roots and to dig out stumps 
directly if they are low enough for the rip¬ 
per frame to clear. The teeth are lowered 
into the ground, pulled under the stump, 
and raised as the forward motion contin¬ 
ues. Two teeth are generally used. 

Scrapers may be used in much the same 
manner, the edge getting under the stump 
and lifting it out. It may also be possible to 
leave the edge low and to scoop in the 
slump with a chunk of surrounding earth. 
However, a stump may become wedged 
into the bowl so as to be very difficult to 
eject. 

If the stump is low enough the tractor 
can straddle it. If it is high, the tractor 
should pass close on one side, then cut over 
sharply so that the blade will contact it. 

Hand Digging. Often trees are so located 
that uprooting them would damage pave¬ 
ments or buildings so a trench must be dug 
around the tree by hand T and the main 
lateral roots cut. This is a very tedious job 
as much of the dirt between the roots must 
be dug with a trowel, or even with smaller 
tools. If space h available, the roots may 
be chopped with an ax T but a hatchet or 
wood chisel and hammer may be better. 

After the main roots are cut, the smaller 
laterals are liable to break so that the mink 
will come out with very little heaving of 
the soil. If a taproot is present, it may be 
cut with Song chisels while pulling. Any 
tendency to heave will show the presence 
of heavy roots which have not been cut, so 
that further digging and chopping may be 
required. This same technique may be used 
to weaken trees or slumps that are too re¬ 
sistant for the pulling power available. 

Men accustomed to grubbing out stumps 
by hand can do the job in a fraction of the 
time required by ordinary laborers. 

free Killing. Under most conditions 
dead stumps are easier to remove than live 
ones because of the disappearance of the 
hair roots which bind them to the earth, 
and the weakening of the larger roots. Soft 
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woods in well drained soils may show per¬ 
ceptible weakening in a few months, while 
rot resistant slumps in saturated ground 
may remain firm for many years. In any 
case, dead slumps contain lighter wood and 
hold less dirt than live ones. 

It may therefore be advantageous to kill 
trees well in advance of removal in cases 
where plans are made early enough. This 
may be done by cutting, girdling, poison¬ 
ing, burning or drowning. Culling and gir¬ 
dling are ineffective with trees that sprout 
from ihe stumps, unless the sprouts are cut 
back several times, or poison is inserted 
under the stump bark. Poisoning may be 
done without cutting by nicking the tree 
in late summer or fall and putting sodium 
arsenite or weed killing chemicals in the 
cuts. The same methods are not equally 
effective in different localities so advice 
should be obtained from local tree experts. 

Buming peat soils in the dry season will 
kill trees and loosen the stumps, but be¬ 
cause of smoke and smell nuisance, and 
danger of spreading* it should be done only 
under carefully controlled conditions. 

]f it is possible to dam a stream so as 
lo flood a wooded area for several months 
during the growing season, some or all of 
the trees may be killed. Unfortunately this 
is usually possible only in swamps, and 
swamp trees are more resistant to drown¬ 
ing than those in dry locations. 

Burning Slumps- Partially rotted stumps 
may be difficult to pull because they fall 
apart. These should be pushed or dug out T 
or burnt. 

The best tool for burning stumps is a 
large kerosene blowtorch. It may be 
blocked up and left turned against a stump, 
and one man can operate several of them* 
or do other jobs while taking care of one. 
When the wood starts to burn, die torch 
may be moved to another stump and 
brought back if the fire dies down. Green 
wood will require continuous beat for 
many hours. 


The torch will operate most effectively 
if directed into a cavity with an opening in 
the far end so that a draft can move through 
it. If the flame is aimed into a dead end 
hollow, very high temperatures will be at¬ 
tained T but because of lack of oxygen the 
wood will distill rather than burn and will 
be destroyed slowly. If the flame is used 
against the outside of the stump, it should 
be directed upward to draw a current of 
fresh air between the flame and the wood. 

Dry stumps may also be burned by 
starting a wood fire alongside them, and 
keeping it supplied with logs and snags 
placed to almost touch the stump. The 
draft and reflection of heat will keep both 
surfaces burning, but the loose wood must 
be moved in rather frequently. This method 
may remove only the top and outside of 
the stump, leaving a conical core. 

Care should be taken to avoid spreading 
stump fires. Roots may burn underground 
to start surface fires at a distance. Soils rich 
in humus, such as swamp peat or forest 
loam, may burn unless saturated with 
water* and are very 1 difficult to extinguish. 

Disposal. Fire is the only stumping pro¬ 
cedure that avoids the problem of disposal. 
Stumps, except in very small sizes* are too 
heavy and bulky for convenient transpor¬ 
tation or burial, are often too green or 
filled with dirt and stones to burn readily* 
and are loo unsightly to be left around. 
They can be buried in very deep holes, 
often dug for the purpose; but they are 
not suitable fill for support of engineer¬ 
ing structures. Because of their awkward 
shape, the hole should be deeper than their 
longest dimension unless they can be low¬ 
ered to position with a crane. Handling 
will be simplified by cutting all roots back 
as far as possible. 

Burning is the usual method of disposal. 
A hot fire is built and the stumps pushed 
or lowered into it as they are taken out, or 
after they have been allowed to dry for 
a time. In localities with sticky soil, it may 
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Fig, 1-24. Starting a fire 


be necessary to blast the stumps before 
pulling to avoid choking the fire with exces¬ 
sive amounts of dirt. Another way to re¬ 
duce the dirt ball is to overturn the slumps 
and leave them with roots exposed for a 
few weeks, then finish knocking them out 
of the ground when the dirt is drier and 
falls off more readily. Dirt may also be dust 
out of them with hand tools. 

Instead of putting the stumps directly on 
a fire, they may be piled up and allowed to 
dry for six months to two years, then 
burned. Such a heap may he difficult to 
light unless piled on brush or other kin¬ 
dling, but once any part of the pile is burn¬ 
ing strongly, the lire should spread to other 
parts readily. Slump fires arc very hot and 
bum for weeks. 

BURNING BRUSH 

A great deal of time and effort arc 
wasted in ineffective attempts to bum 
brush, and for this reason proper procedure 
will he discussed in some detail. 

Even green, tvet brush and logs will burn 
vigorously once properly started, but con¬ 
siderable heat is required to boil off the sap 
and water, and to ignite the wood. This 
heat may be obtained originally from a 
carefully built fire, or by use of inflam¬ 
mable chemicals. 

Building a Fire. The fire should be on 
level ground, or on a hump. If built in a 
hollow or against a rock or stump, inward 
How of air will be hindered, and brush 
added to the top of the fire will be held 


up away from the heat All inflammable 
material should be cleared or burnt away 
from around the site, particularly down¬ 
wind. Fire fighting tools should be avail¬ 
able. 

Figure 1-24 illustrates two ways of 
starting the fire—-andirons and tepee. The 
"andirons” consist of a pair of small logs, 
or rocks, or ridges of dirt. Twigs and 
sticks, preferably dry, are laid across the 
andirons. These should be laid in one 
direction so that they will lie dose to¬ 
gether. but should not fit together so well 
as to prevent air and heat going between 
them. No leaves or grass should he in¬ 
cluded. 

This pile is ignited by burning paper, 
dry grass, or chemicals under it. renewing 
the fire until the sticks burn briskly. More 
and heavier slicks are added, then partly 
trimmed branches, and finally, when a good 
bed of embers and strong flames arc pres¬ 
ent, untrimmed hushes and branches. It is 
a good plan to put a few logs or snags on 
at this time to give the fire staying power. 

The tepee is similar in principle. The 
slicks arc piled on end around the kindling. 
As heavier pieces are added, the tepee is 
crushed, but if it is burning well this will 
not matter. 

A danger in transition from the hand 
tended fire to the roughly piled one is that 
the untrimmed brush may include so much 
air space that the heat cannot cross it ef¬ 
fectively, The fire may bum a dome shaped 
hole over itself, then die down. Jn such a 
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case, sticks should be poked into the fire 
itself to build it up, and the brush over it 
should be compacted by rearrangement or 
piling on of heavy sticks. This is tiresome 
work and may fail Jt is better to tend the 
hre longer before piling on loose material, 
to be sure it will not have to be worked over 
afterward. 

Artificial Helps. Old tires provide excel¬ 
lent material for starting a fire. Trimmed 
brush can be piled on them as soon as they 
are burning. 

A dying fire may be pepped up by use 
of kerosene, fuel oil, gasoline, or similar 
fluids. To be effective, these must be ap¬ 
plied at the base of the pile. Because of its 
explosive qualities, gasoline should be ap¬ 
plied only as a stream from a blowtorch or 
similar pressure device with a fine nozzle, 
and only when it bums as it is ejected. If it 
docs not bum, it may accumulate in suf¬ 
ficient quantity to cause an explosion. 

Putting inflammable fluids on the heap 
itself may produce a fine flame, but it will 
have little kindling effect as the evaporating 
fuel will absorb the heat that radiates 
downward. 

Large kerosene blowtorches, called 
flame guns, may be used to advantage. A 
hot flame six inches in diameter and twenty 
inches long can be obtained from some 
models, and when directed into the base of 
a compact pile of brush, should be quite 
effective. It can also be used cold to spray 
fluids into the bottom of the pile. 

If the fire dies down in spite of nursing, 
it may be best to build a new fire nearby, 
with greater care to avoid air spaces and 
coarse green wood early in its life. 

Transferring Embers. Once a good fire 
is burning on the job, its embers may be 
shoveled out and used for starting other 
fires. This should be done rather frequently 
as a long brush carry adds greatly to labor 
costs. 

Four or five shovels of hot embers may 
be laid on the ground in a pile, and fine 


brush, or dry twigs and wood* piled on it. 
Or the embers may be sifted down through 
piled brush. The embers give a sustained 
heat and consume little oxygen, so that a 
strong new fire starts quite quickly. 

Feeding. Jt usually takes at least two 
men cutting and dragging brush to keep 
one fire burning briskly. If it is allowed to 
burn down, it is good practice to put the 
unburned ends in the center hot spot, be¬ 
fore piling on more brush. 

When a dozer is used, ample supplies 
of fuel can be brought to the fire, and it is 
usually well packed by the pressure of the 
blade and the weight of the machine if It 
climbs up on die pile. 

The principal problem of dozer feed¬ 
ing is din. This tends to block the fire 
from spreading into new material, and to 
smother parts already b a ruing. Every effort 
must be made to reduce the amount of 
dirt by rolling and jostling piles, holding 
the blade high enough not to dig in, and 
giving the vegetation and mud a chance 
to dry before bringing it in. 

A hot fire will bum through quite a lot 
of soil, but it will seldom burn clean. After 
it cools, the remaining stems and stumps 
can be sifted out by the dozer and used in 
building the next fire. 

Best results in fire feeding are obtained 
if at least part of the new material can be 
placed on top of the flames, 

Bunking Fires* If the job is not extensive 
enough to justify the employment of a night 
man to watch the fires, and any inflamma¬ 
ble material is nearby, they should be 
buried under a few inches of dean dirt at 
the end of the work. Humus or rich topsoil 
should not be used. The soil cover will 
prevent sparks from blowing, preserve a 
hot bed for use in the morning, and, if 
the cover is not removed* may make a fair 
grade of charcoal. 

Burning Fites* If the brush is piled a long 
time before being burnt, dropping a match 
in it on a hot day may accomplish its com- 
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plete removal. If it has been piled only a 
few hours or a few days, a lire may be built 
on the windward side against it but not 
under it. This fire may be caused to spread 
into the heap by keeping it buried under 
compact brush, so that the fire is fed and 
the heat reflected into the pile, If the brush 
has leaves, it is good practice to cover any 
place where flames show through. A strong 
fire cannot be smothered with hand piled 
brush. 

Brush piles may be pushed on top of fires 
by a dozer, placed by a clamshell, or rolled 
on by a number of men using long poles. 

If brush is being cut in an area present¬ 
ing unusual fire hazard, or the cutting is 
in small, scattered areas, it may be desira¬ 
ble to truck it to a central burning place. 
A continuous fire may be maintained with 
incoming loads dozed or hand piled onto 
it, or the brush may be piled to dry and 
burnt oil occasionally. 

Brush up to a few inches in diameter can 
be reduced to chips by a chopping machine 
after which it can cither be left on the 
ground or easily trucked to a dump. 

FIRE CONTROL 

Any contractor burning brush in an area 
subject to brush or forest fires is subject 
to heavy responsibility if one of his fires 
spreads. Also, in the presence of extensive 
forest fires from any cause, the contractor 
may be required by authorities to use his 
men and equipment to control them. At 
such a time there might not be experienced 
fire fighting personnel available to direct 
his work. A brief outline of fire fighting 
techniques is therefore considered appro¬ 
priate. 

Hand Tools, Where the material burning 
is largely grass and associated weeds, or 
thin brush, fire can be beaten out. House¬ 
hold brooms, occasionally dipped in water 
if possible, are very effective. Shovels or 
leafy bushes or branches can be used with 


good effect. Each blow should be directed 
so that flying sparks are knocked toward 
the burned area. 

The fire may also be starved by scrap¬ 
ing away the vegetation just beyond the 
flames. This may be done with shovels, 
hoes, rakes, grub axes, or almost any piece 
of metal, A special type of fire fighting 
tool, shaped like a heavy rake and fitted 
with sickle bar teeth instead of tines, is 
quite effective. Bushes may be cut with 
axes, machetes, bush hooks, or primers. 

Extinguishers, Back pack fire extinguish¬ 
ers, which consist of a water tank carried 
like a knapsack, a flexible hose, a hand 
pump, and a nozzle are important pieces of 
equipment. If the grass is low or thin, 
spraying in the path of the fire may stop it. 
If the fire is strong and moving rapidly, 
the water may be most effectively used for 
putting out smoldering spots behind the 
beaters. Addition of a wetting agent—a 
small quantity of synthetic powdered soap 
will do if regular compounds are not avail¬ 
able—increases the effectiveness of the wa¬ 
ter by enabling it to soak through vegetable 
litter and punky wood. 

Pumps. If streams or ponds arc avail¬ 
able, the contractor's pumps, particularly 
the light centrifugal type, are very valua¬ 
ble. A welder or machinist can usually 
make adapters quite quickly that will per¬ 
mit fire hose to be attached to the pump 
outlet. The high pressures used in regular 
fire pumps will probably not be developed, 
but sufficient pressure will be available for 
wetting down firebreaks, or making direct 
attacks cm anything short of a crown fire. 

Sprayers. Tree spraying outfits make 
good fire fighters. These usually consist 
of a lank holding from two to five hundred 
gallons, a high pressure pump driven by 
a small gasoline engine, or by the power 
takeoff of a towing tractor, or a carrying 
truck; a red of hose, and a nozzle. Those 
having an engine are generally mounted 
on a wagon chassis that can be towed by 
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almost any motor vehicle. If the pump is 
tractor driven, adaptation to most wheel 
tractors can be made quickly. The handiest 
models are those mounted on a motor 
truck. 

Such equipment can generally be rented 
or borrowed in almost any urea. The vol¬ 
ume of water delivered through the nozzle 
is small, but pressure is high and results 
are usually excellent. 

Dozers. A bulldozer can put out a grass 
fire by starting behind the fire and strad¬ 
dling its line as in Figure 1-25. It may be 
able to scrape oJT the grass without cutting 
much into the ground. If this is not prac¬ 
tical, ic can skim off the sod until the load 
is heavy, then swing it into the burnt area, 
or raise the blade and spread the sod over 
the next few feet of flames* smothering 
them. An angle dozer can side cast the 
sod into the burnt area, and a hand beater, 
or extinguisher, should follow to put out 
any spots that are missed. 

Method of Attack. Windblown fires 
should not be attacked directly at the front 
as this procedure is both dangerous and 
ineffective, A new fire running before a 
wind will assume a shape similar to that 
in Figure 1-25, A direct attack on the 
front means lighting flames several feet 
deep. If these should be put out, fire blow¬ 
ing up the sides could rekindle them in a 
few seconds. A crippled man or machine 
ahead of the fire could not escape being 
burned. 

Pinching off the sides is both effective 
and reasonably safe. The fire is extinguished 
starling at the back so that the heat and 
smoke are blown away from the workers. 
Provided a constant watch is kept behind 
them for rekindled spots, the lire cannot 
repossess the extinguished area. When the 
from is reached T it is attacked from directly 
behind as well as on the sides. 

If the fire is too strong for the force fight¬ 
ing it, the front will continue to advance* 
but the work on the Hanks will limit its 



Ftg T 1-25. Fire-fighting with dozers 

width and make easier the task of stopping 
it with firebreaks or backfires, or after a 
shift in wind direction. It can sometimes be 
turned by concentrating on one flank. 

Firebreaks. A firebreak is any strip bare 
enough of inflammable vegetation to de¬ 
lay or stop the spread of fire across it. 
Roads* open water, plowed fields, dose cut 
lawns, and even footpaths may be used. In 
addition, breaks may be prepared in antici¬ 
pation of fire along the crest of hills or 
mountains, at property lines, or at the edge 
of the areas being cleared. 

Advantage should be taken of any exist¬ 
ing breaks when deciding where to place 
one to stop a lire already burning, A short 
line is preferable, and valuable property or 
highly inflammable areas should be pro¬ 
tected. The break should be far enough 
from the fire to allow time to finish it and 
to start backfires; it should be in vegetation 
least apt to make a spark-producing or a 
high fire, and on terrain favorable to oper¬ 
ation of machinery. A compromise among 
these features must usually be made. 

A bulldozer may be walked along the 
line of the break, alternately cutting and 
filling* so as to mix the vegetation with 
dirt. Hand workers with cutting or digging 
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tools follow to cut out any spots where fire 
might cross. If the brush is heavy, the 
dozer may turn to push heaps of it out of 
the path. An angledozcr or a heavy grader 
might be able to make a single clean cut in 
each direction, turning the sod and brush 
out from the center. 

In grass or light brush, a plow or heavy 
disc harrow might do a better or faster job 
than a dozer. The plow makes a rather 
narrow strip with each trip, and is subject 
to jamming with brush but docs not have 
to go back over its work. A harrow may 
require several trips and might not be 
effective. 

The hand tools listed earlier may be used 
to build a complete break, or to work one 
over after the machinery has passed. 

Backfires. A strong fire adds to the force 
of the wind which is moving it T somewhat 
as a blowtorch builds up its fuel pressure. 
The combined force may be enough to 
project a sheet of flame many feet in front 
of the burning line, and to shower sparks 
for long distances ahead. For this reason, 
the fire may cross a break of any practical 
width and make the area too hot for fire 
fighters 

The principal use of the firebreak is to 
provide a line from which backfires can be 
started. Since the break is made on the 
downwind side of the fire, a new fire started 
on that edge bums upwind. T3ie backfire 
should be made in a continuous strip along 
the break so that it will not be able to turn 
and blow- back toward it. It will increase in 
strength as it progresses, but will be stead¬ 
ily farther away from the protected side. 
When it meets the main fire, there is liable 
to be a spectacular flare up and heavy pro¬ 
duction of sparks. If the backfire has been 
started in time, this should be far enough 
away from the break so that few r sparks 
will cross it, and those can be extinguished 
by men patrolling the break. If no shift 
irt wind occurs, the sides of the fire can 
then be put out by the crew working from 


behind, aided by the firebreak crewmen. 

If the break is made in a forest where 
the flames might crown (burn in the tops), 
the trees on each side of the break should 
be bulldozed or cut so as to fall away from 
the center. 

Since a change in wind direction may oc¬ 
cur at any time, care should be taken not 
to start backfires prematurely, and to keep 
men and machines in positions where they 
can get away if the fine turns toward them. 
The bum Haver area, ponds or wet sw amps, 
plowed land or well grazed pastures, are 
suitable retreats. 

Men on the fire lines must be kept pro¬ 
vided with food, water, and tools, and re¬ 
lieved for rest periods. Machinery must 
have fuel but may be skimped on other 
maintenance in sufficiently dangerous situa¬ 
tions. 

Backfiring, and possibly other phases of 
fire fighting, may be regulated or prohibited 
by local laws, 

Re-Kindling. After the spreading of a fire 
has been checked, it must be patrolled un¬ 
til all danger of its making a fresh start has 
passed. A grass fire in a dean field may 
be safe to leave within an hour, while 
wooded areas containing dead or fallen 
trees, or rich dry soil, may be dangerous 
until after several soaking rains. 

Dead stumps may burn a long time and 
are difficult to extinguish unless ample sup¬ 
plies of water arc available. Fires burning 
under and between logs on the ground can 
often be pul out by moving the logs apart, 
or can be caused io burn out more quickly 
by piling additional wood on them. 

The worst hazards are standing dead or 
hollow' trees, called snags by the lumbermen. 
If close to the line, snags may set fire to 
the unbumed area by falling into it. They 
frequently produce sparks that may drift 
long distances. Even thorough soaking may 
not extinguish them, and it may be neces¬ 
sary to cut them down or maintain an ex¬ 
pensive patrol for days or weeks. 
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Cutting a burning tree is a tricky and 
dangerous job as the cutters are in con¬ 
stant danger of being hit bv falling pieces, 
and temperatures at the base may be too 
high for them or their tools. This job is 
best left to experienced fire lighting crews. 

Snags may be pushed over by bulldozers 
but the tops are apt to fall on the machine. 
An overhead shovel, because of its heavy 
roof, gives good protection to the operator. 

The best time to check a burned area 
for hot spots is immediately after a rain, 
or a heavy dew, as the moisture near the 
fires will steam. 

Underground Fires, Underground fires, 
such as occur in rich forest soils and dried 
out swamps* constitute a special problem. 
When fire gets in them, often by smolder¬ 
ing down a dead root, they will burn hot 
and persistently. Plain water has little ef¬ 
fect on such a fire unless applied in such 
quantities that the area is flooded. Smaller 
quantities do not penetrate the deeper 
burning zones* which have sufficient heat to 
evaporate quantities of water from sur¬ 
rounding peat, and then spread through the 
dried material. 

Special nozzles consisting of pipes long 
enough to reach the bottom of the fire are 
helpful. The lower end is plugged and a 
fairly large hole is drilled in the plug to 
wash humus out of the way as the pipe is 
pushed down, and smaller holes in the side 
spread a soaking spray. The use of welting 
agents will substantially reduce the amount 
of water required, and may make the dif¬ 
ference between success and failure where 
the water supply is limited. 

Such a fire may be confined by trench¬ 
ing down to inorganic or saturated soil. The 
digging may be quite dillicull because of 
roots, and a backhoc or dragline shovel 
might have to be used- 

Peal fires spread very slowly unless they 
ignite surface vegetation or litter w^hich 
set fire to the soil at new points. If equip¬ 
ment is not immediately available to ex¬ 


tinguish or ditch the fire, leaves and 
inflammable trash should be removed for 
ten or more feet around it, to prevent rapid 
spreading while arrangements arc made to 
put it OUL 

BOULDERS AND BUILDINGS 

liuuJdm, An area may be so strewn 
with loose or partially buried boulders that 
work is difficult* and the removal of these 
rocks may properly be considered clearing. 

If large enough machinery and suitable 
disposal points are available, the rocks may 
be turned or dug out and pushed away. 
If they are too large for easy handling and 
disposal, it is usually advisable to dynamite 
them down to size. 

If blasting techniques are not to be used* 
rocks may be reduced by means of air or 
sledgehammers, and wedges, or by drill¬ 
ing and using plugs and feathers. The plug 
and feathers consist of a pair of hard steel 
pieces* half cylinders* whose outer surfaces 
are curved to fit inside the hole, and whose 
inner flat sides are separated enough to 
permit a thin hard steel wedge to be driven 
between them with a sledgehammer or pav¬ 
ing breaker. The very gradual taper of this 
wedge exerts a tremendous splitting force* 
and in the hands of an expert and energetic 
man can be used to spit large and stubborn 
boulders. 

Under many circumstances, however, a 
contractor may prefer to get rid of the 
rocks by digging and pushing. The dozer is 
the standard tool for this work. Efficiency 
can be increased by use of a lilting blade, 
n dozer shovel bucket* a stumper, or a 
heavy duty rake blade, 

A dozer can move quite a large rock on 
firm ground, perhaps several times its own 
weight. If the stone is too large for direct 
pushing, it can be pushed first on one side, 
then on the other, as in Figure 1-26. If 
it is rounded* it can be rolled by lifting the 
blade while pushing. If the blade does not 
have enough lift to roll it over, it can hold 
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E-ig, 1-26. Pushing oversize boulder 


it in a partially rolled position, with locked, 
brakes, while the stone is blocked up. The 
blade may then be lowered and the push 
and lift repeated. 

Partly buried rocks may be pushed or 
dug out in somewhat the same manner as 
stumps. The resistance they offer is usually 
more rigid and brie lie than that of stumps, 
and if a rock will shake in the first few 
direct blows of the blade or bucket, it 
should come out. It is sometimes very diffi¬ 
cult to get a grip on smooth sloping sur¬ 
faces, so that an excessive amount of 
digging must be done just to get a hold. 

When a grip is obtained with a dozer 
blade, the rock may be raised and pushed. 
If it is backed by unyielding material* the 
engine clutch should be slipped so as to 
supply just enough forward pressure to 
keep the blade in contact with the rock 
while it lifts it vertically, and, when it is 
high enough, rolls it out. The rock may 
slip back into its hole at any time, and it 
is good to have a helper throw stones or 
logs under it so the blade can be dropped 


and a fresh grip obtained. If no helper is 
available, the operator can lock the brakes 
to hold pressure against the stone and do 
the hole filling himself. 

If a big stone is rolled out without block¬ 
ing* it may leave such a large hole that 
the Eractor may be damaged if it falls in 
it. The danger is more serious than with 
stumps as rocks leave sharper edged and 
harder holes. 

A rock should be pushed from all angles 
before digging it out as it may be suscepti¬ 
ble to pressure from only one direction. If 
it is to be dug out, a bowl-shaped crater of 
considerable size is excavated, working on 
three sides* if a good grip is available at 
the EOp„ or all around it if the top is 
smooth. When it is finally loosened, it may 
be found that it is so heavy that the dozer 
cannot gel it up out of the hole. 

It probably can be pushed out by fol¬ 
lowing the procedure outlined in Figure 
1-27, The dozer builds a ramp out into 
the crater, shaped so that the machine will 
be pitched downward when its blade meets 
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Fig. 1-27. Gening boaider out of a hole 


the rock. With gravity assisting, it should 
be able to push the stone a short distance 
up the opposite slope. The ramp is then 
built out, and another push made until the 
stone is out of the hole. 

Loose boulders may be pushed out of the 
work area and scattered, piled, or arranged 
in walls; or they may be buried, being 
either used as a fill or wasted in holes. 
Holes may be dug to bury them. 

Where many boulders are pushed Into 
a hole they afford unsafe footing for a 
bulldozer and may pile up above the de¬ 
sired grade. A moderate amount of dirt, 
either scraped off the bank or trucked to 
the spot, will allow the dozer to fill in the 
holes and stabilize the rocks so that it 
can walk across them in pushing other 
boulders to their resung place. 

[f the area is to be finished to a grade, it 
pays to be liberal in supplying covering 
soil, for if the layer is thin the dozer work¬ 
ing on it may hook into freshly buried 
rocks and turn them into high positions. 
They can seldom be put back In place be¬ 
cause of soil and other rocks getting under 
them + and it may be necessary to knock 
their tops off with hammers or explosives. 


or dig them out and rebury them. Digging 
a boulder out from among others is very 
difficult and it is likely to turn them up 
also. 

Rocks may also be trucked away from 
the job. They may be picked up by shovel, 
by damping in a clamshell or orangepeel 
bucket, or balancing on a dipper or hoe 
bucket, or by tongs or chaining. Light 
chains, or cable slings, are best for getting 
a grip, but are more subject to damage 
and breakage than heavy chain. 

Ordinary light dump truck bodies are li¬ 
able to be seriously damaged by oversize 
rocks. The floor may be protected by lay¬ 
ing or bolting down planks. 

Slone Walls. Stone walls built to dispose 
of boulders removed from farm land are 
very common in some sections of the coun¬ 
try, and may include rocks large enough to 
present a problem to machinery. The big 
base stones are often partly or completely 
buried, interlocked, and bound in place by 
tree roots. The smaller stones may be valu¬ 
able for use in masonry* and may be re¬ 
moved by hand before or during the 
wrecking of the wall. 

A dozer of sufficient size can walk right 
through the wall and scatter it around, but 
an undersize machine may have to start 
at a gateway, or find a weak spot to break 
through and widen the hole by worrying 
the rocks out one at a time. If the wall 
cannot be broken from one side it should 
be tried from the other. 

Foundations. Old foundations and other 
masonry structures usually yield readily to 
heavy machinery. High walls should be 
pulled down as they might fall on a ma¬ 
chine pushing them. 

If a foundation is too strong for avail¬ 
able machinery, it may be weakened by 
blasting along the lines where it meets the 
floor and other walls, by mudcapping or 
drilling. Demolishing very heavy or exten¬ 
sive structures, however, is a house wreck¬ 
ing job out of the field of this book. 
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Fig. 1-28. Bracing tow skids 


Small Buildings, Moving buildings prop¬ 
erty is also a highly specialized trade, but 
an excavating contractor may be called 
upon to move smalt buildings of minor 
value out of the work area, or to drag his 
work buildings around on a job r 

The easiest method is to jack the build¬ 
ing up, or lo lift it one end at a time with 
a shovel or crane, and puJI a pair of sub¬ 
stantial skid logs under it. These should be 
beveled at the front so as not to dig in, 
and notched on the lop for the sills of the 
building. They should be spiked or bohed 
to the sills. If the building needs additional 
rigidity, cross logs may be used above the 
skids and the walls may be braced with 
diagonal planks. 

The skids should he rigidly fastened to 
each other, tf the building is to be pulled 


by one machine, through a double chain 
as in Figure 1-28 (A), which is the usual 
method, the bracing between the front of 
the skids takes a tremendous inward pres¬ 
sure, Ordinary log or limber braces may 
not hold, unless very expertly installed, or 
the pull h light. 

It is usually worth while to make a 
steel cross brace such as is shown in (B). 
The beam itself may be second hand I 
beam, or channel or angle. The welded 
brackets prevent the skids from moving 
inward, and the chain, pulled tight with a 
load binder, prevents them from moving 
out. Notches in the bottom of the skids 
are necessary to prevent the chain from 
cutting into the ground and increasing the 
draft. 

The skids should project far enough for¬ 
ward to be easily chained for pulling or 
lifting. They should be high enough lo carry 
the sills or cross logs over any irregularities 
in the ground. If this is not "practical, roll¬ 
ers, consisting of short logs, may be put 
under the front of the skids. As the build¬ 
ing goes over these, they must he watched 
so that they will not turn up and injure 
the structure. When they are left at the 
back, they may be picked up and carried 
to the front. 

Rollers are also used when the tractor is 
not powerful enough to pull the skids on 
the ground. 
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general considerations 

Surveying is a profession in itself and 
contractors and their employees seldom 
have time to master it. However, it is 
possible for a layman to run levels, to re¬ 
establish lines and Locations obliterated by 
construction, and <Jo rough layout work. 

If a job involves as much as a day of 
work for a surveying crew, it is usually 
economical to hire professionals. They 
work more rapidly and efficiently than 
amateurs, and arc less liable to make costly 
mistakes. Unfortunately, it is frequently not 
possible to obtain the services of engineers 
exactly when needed, and there are many 
jobs which are too small, or too simple, to 
justify calling them in. 

Also, it is sometimes dstrablc Lor the 
owner or contractor to make a rough sur¬ 
vey of a project to determine the amount 
of work to be done, and possible layouts, 
before bringing in surveyors to provide de¬ 
tailed information. A man can usually ob¬ 
tain a much dearer idea of the problems 
involved by running his own levels than by 
reading the findings of another. 

The methods outlined in this chapter 
will in some cases be those used by sur¬ 
veyors, but will often be shortcuts and 
substitutes which can be used by amateurs 
with reasonably satisfactory results* and 
which generally are easier to learn, but less 
accurate, than professional methods. 

More detailed information about survey¬ 


ing may be found in textbooks on plane 
surveying, such as are used by engineering 
students, A few months" work with a sur¬ 
veying crew is about the best training in 
field methods, 

TELESCOPIC LEVELS 

The basic surveyors" tool is a telescopic 
level mounted on a turntable which in turn 
is usually supported by a tripod. There is 
a great variety of these instruments, but 
most of them may be classified under three 
headings—Jevel, convertible level, and 
transit. The difference is partly that In the 
first the telescope h always used in a hori¬ 
zontal position; in the second the telescope 
may be lifted out of its frame and reset so 
as to pivot vertically; and in the transit it 
is permanently mounted so as to swivel ver¬ 
tically as well as horizontally. However, 
these general distinctions are not always 
true in regard to particular models. 

Builders' Level, Figure 2-1 shows a type 
of builders" level which is convenient for 
general contractors' use. The telescope is 
held rigidly in a U Frame that rotates on 
a vertical spindle, which is perpendicular 
to the line of sight of the telescope. A 
spirit Jevel with a graduated glass is 
mounted on the frame. 

The leveling head on which the spindle 
rotates is shown in Figure 2-2 fitted with 
a horizontal circle marked in degrees* in 
contact with a pointer fastened to the 
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Fig, 2-1. Builders" level 


spindle. Many levels do not have this cir¬ 
cle, but it is essential for the location work 
to be described. 



Fig. 2-2. Horizontal circle 


Vernier- The pointer may be expanded 
into a vernier such as shown in Figure 2-3. 
This is a device for reading fractions of 
a scale, which in the example is calibrated 
to 3O' (half degree) divisions. The length 
of twenty-nine divisions on the circle is 
divided into thirty divisions on the vernier. 
Each vernier space therefore represents 
29/30 of a space on the circle, and is 1/30 
shorter. 

In the illustration, if an angle on the 
main scale is being read from left to right, 
the zero* or center of the vernier, shows a 
reading slightly higher than 2° 30', Read¬ 
ing the vernier to the right, it will be 
found that the tenth division line matches 
exactly with a line on the circle scale. This 
indicates that the zero mark was 10/30, 
or 1/3, of the way from 2 } /i - mark to the 
3° mark, as the difference is cancelled out 
in the course of subtracting the 1/30 dif¬ 
ference 10 limes. 
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Fig, 2-3, Vernier 


One third of 3G' is Iff- The angle is 
therefore 2° 30" plus iff* or 2 9 4f)\ 

If the angle were being read from right 
to left, the main scale would read 357° 
and a fraction. Reading the vernier to the 
left, the twentieth division h found to cor¬ 
respond with a line on the circle. The angle 
is therefore 357° plus 20/30 of 3Q\ or 
357° 20'. 

The telescope may he locked against 
sw inging by means of a thumbscrew for con¬ 
venience in reading the scale; or holding it 
in a certain direction. Another thumbscrew 
will then move it slowly for fine adjust¬ 
ments. 

Telescope* The length and power of the 
telescope and the length of the spirit level* 
determine the range of the instrument and, 
to a considerable degree* its accuracy* Tele¬ 
scopes range from ten to eighteen inches 
in length, and from ten to thirty-five power 
in magnification. Spirit levels may be three 
to ten inches long. 

The telescope is focused by means of a 
knob on the top, and usually by a turning 
eyepiece also. 

The field of view of the telescope is di¬ 
vided into quarters by the cross hairs, 
shown in Figure 2-4 (A), which are held 
in a frame or diaphragm inside the tele¬ 
scope. Provision is usually made to make 
these visible or invisible by focusing the 
eyepiece. The horizontal hair is used for 
taking levels, Sf it is correctly placed in 
the telescope, and the telescope is properly 
leveled, it indicates the slice of she field of 
view which is level with the observer's eye* 
The vertical hair is used to sight a given 


point or line, and indicates the exact cen¬ 
ter of the field of view for determining hori¬ 
zontal angles. 

Stadia Hairs* Stadia hairs (B) may be 
Fitted into the same frame. These are hori¬ 
zontal and are located above and below 
the center hair. The distance between the 
stadia hairs is fixed at a ratio with the 
telescope, usually 1 to 100, so that if a 
measuring rod ts sighted through the scope, 
the inches or Feet seen between the stadia 
hairs may be multiplied by 100 to give the 
distance of the rod from the instrument. 

Amateurs are apt to confuse one or the 
other stadia hair with the cross hair in tak¬ 
ing levels* with resultant serious error. If 
this trouble persists, additional hairs may 
be installed, as in (C) in the form of a 
letter X* which should make the center hair 
easy to distinguish. 

Rase, The leveling head is mounted on 
the turntable or base by means of a center 
pin on which it can both tip and rotate, 
and four leveling screws. These screws are 
threaded into the leveling head and rest 
on the leveling plate or turntable. They are 
expanded into knurled wheels for conven¬ 
ience in turning with the fingers, and have 
expanded feet which do not turn with the 
screw, and which protect the plate. 

The turntable base has internal threads 
by means of which it can be screwed on 



Fig. 2-4. Sighting hairs 
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Fig, 2-5, Level transit 


to the tripod head. It may have a hook on 
the bottom, on the axis of revolution of 
the U frame, from which a plumb bob may 
be suspended. This part of the base may 
also be made to slide a limited distance 
horizontally, relative to the tripod head, 
for convenience in centering the instrument 
directly over a mark. 

Tripod, The tripod consists of three 
wooden, legs, hinged together by the top 
piece which is threaded for the instrument. 
These threads should be protected by a 
cap when the instrument is not mounted. 


The legs may be one piece, or two pieces 
sliding on each other and locked by a screw 
clamp. 

The base may be rested directly on a 
(lot rock or stump, if it is not possible to 
set up the tripod, but this is not recom¬ 
mended. 

Convertible Level. The convertible level 
is similar except that the telescope is 
fastened to the frame by clamps that may 
be readily unfastened, and both the frame 
and the scope have a spirit level The tele¬ 
scope may be undamped and mounted in 
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TRANSIT 



1. Telescope 

2. Telescope Bubble Assy 

3. Vertical Clamp 

4. Vertical Clamp Screw 

5. Focusing Screw 

6. Eyepiece Cap 

7. Vertical Tangent Screw 
B. Telescope Support 

9. Horizontal Clamp Screw 

10. Horizontal Circle 
Vernier Plate 

11. Horizontal Tangent Screw 

12. Tripod Head and Base Plate 

13. Tripod Leg 

14. Plumb Bob 

15. Tripod Wing Nut 

16. Center Screw 

17. Leveling Screw 

18. Leveling Head 

19. Support Level Tube 

20. Horizontal Circle Scale 

21. Telescope Trunion 

22. Vertical Arc Pointer 

23. Vertical Arc Scale 


Fig. 2-6. Parts of level transit 


a socket in which it can rotate vertically, 
and its vertical angle is shown on a curved 
scale beside it. When used in this position, 
the horizontal cross hair indicates the slice 
of the view which is at the vertical angle 
indicated by the scale. 

When this instrument is used as a level, 
it should be checked according to both the 
frame and the scope levels, Lack of agree¬ 
ment between these may indicate worn 
or dirty clamps. If they cannot be recon¬ 
ciled, work should be done according to 
the telescope level, although the best prac¬ 
tice is to have the instrument adjusted be¬ 
fore using it. 

Transit. The level transit, two models 
of which arc shown in Figure 2-5 and 2-6, 
has a telescope permanently mounted so 
that it can swivel vertically. When used as 
a level, the reading on the vertical scale 
should be zero, and the frame and telescope 
levels should be in exact agreement. 


Compass. Compasses arc standard 
equipment in transits, and can usually be 
obtained for other type instruments that 
have a horizontal scale. They are not 
necessary for the work to be described in 
this chapter, although it is often convenient 
to know the general directions of lines. 

Surveys arc generally based on ihe true 
north, from which the compass north varies 
rather widely. Part of this variation may be 
obtained approximately from the map, Fig¬ 
ure 2-7, or more exactly from local sources. 
Another source of mistakes is the magnetic 
attraction of magnets, iron, and iron ore 
for the compass needle. It is also atTcctcd 
by the time of day. No confidence should 
be placed in a compass reading taken near 
machinery or electrical apparatus. Metal 
objects in the observer's pockets may cause 
errors. 

Setting Up. The first step in using the 
instrument is to set up the tripod. The top 


2’5 










INSTRUMENTS 



Cmtn**v <■/ t/r S. Cooit and Gcod&ie Starftffl 


Fig, 2-7. Magnetic declination map 


should be as level as possible, and the legs 
pushed into the ground firmly. On a slope, 
two legs should be downhill. The protecting 
cap is removed and the instrument screwed 
on. The telescope frame should be unlocked 
so that it is free to rotate. The telescope 
can then be held in one hand and the base 
screwed on the tripod with the other. 

Leveling. The instrument must now be 
leveled by means of the four screws. The 
telescope is turned so that it is over two 
of them, and those screws adjusted until 
the bubble in the level is exactly in the 
center of the scale. The screws arc turned 
at the same time in opposite directions, so 
that one pushes the leveling head up while 
the other makes space for it to come down, 
as it pivots on its center pin. 

The bubble moves in the same direction 
as the left thumb, as indicated in Figure 
2-8. If the two screws arc turned exactly 
the same amount, the tension on them will 
remain constant. If the screw toward which 
the bubble is moving is turned farther, it 


will jam both screws. If the screw behind 
the bubble is turned the most, the tension, 
will be reduced and the screws may lose 
contact with the turntable. 

If both screws arc turned to the left 
(clockwise), or one is turned left while 
the other is stationary, they will be jammed; 
while if one or both are turned to the right 
(counter clockwise) they will both lose 
contact. 

The screws should be kept in light con¬ 
tact with the plate during the adjustment 
and tightened somewhat as it is finished. 

When the bubble is approximately cen^ 
tered, the telescope should be swung ninety 
degrees so as to be over the other pair of 
screws, which are used to center the bubble 
in the same manner. This adjustment will 
disturb the first one, so the telescope must 
be swung into its original position and 
leveled, this time more exactly. It should 
then be checked in the second position, 
and adjustment in the two positions mude 
alternately until it does not move during 
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Fig. IS* Leveling screw action 

the swing through this quarter circle arc. 

The telescope should now be swung 
through the other three quarters of the cir¬ 
cle, If the adjusting screws are tight and 
the tripod Iras not been disturbed, the 
bubble should not move. If it does move, 
and the table cannot be leveled so that 
it will not move when swung* the spirit 
level is probably out of adjustment, 

Re-Leveling* During use, the spirit level 
should be checked occasionally and the 
instrument re-leveled if necessary. The tri¬ 
pod may settle into the ground, particularly 
if on some unstable base such as ice, wet 
clay, or oil road top. Jars from focusing 
the telescope, or the wind, or other causes, 
may disturb it. Sometimes it is necessary 
to put small boards under the legs to 
avoid settlement 

Leveling Rod. The instrument's com¬ 
panion piece is the leveling or target rod. 
This is a measuring stick, marked in feet, 
tenths, and hundredths of feet; or in feet, 


inches, and eighths of inches. It may be eight 
to fifteen feet long, and usually is in two 
or three pieces which slide on each other, 
or, occasionally, arc hinged or pegged to¬ 
gether. The sliding type must be fully 
closed or fully open to be accurate. 

Long rods are very desirable in hilly 
country. 

Spaces may be marked by fine lines simi¬ 
lar to those on a ruler, in which case it is 
called a New York rod. A Philadelphia 
rod uses the division lines as units of 
measurement in themsekes. See Figure 
2-9. A rod in the decimal scale has the 
tenths of feet each divided into ten equal 
sections, alternating black and white. If 
inches are shown, each is divided into 
eight equal bars of alternating color. 
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Fig. 2-10, New York rod and target 

The target, 2-10, is a metal disc that 
slides on a track on the sides of the rod. 
It is painted in quadrants, alternately red 
□nd white, with the division lines horizon¬ 
tal and vertical, or in other conspicuous 
patterns. 

The rod man moves the target up and 
down on the rod in response to signals 
from the instrument mart. Readings can he 
taken in this way when distance or haze 
prevents reading figures on the rod. 

The target may include a vernier, in 
which case it can be used for precise work 
requiring reading of fractions of the small¬ 
est divisions of the rod scale. 

The rod is used for measuring the dis¬ 
tance from the instrument's line of sight 
down to a point, Jf the point is almost as 
high as the instrument, this distance will 
he short; if it is much lower, the distance 
will be long. 

The elevation of a point is the distance 
which it is above some standard level. This 


may be mean sea level—halfway between 
high and low tide marks—or some local 
point to which an elevation is assigned 
arbitrarily. 

Elevations are usually positive numbers, 
measured up from a base point or plane. 
Rod readings are negative, being measured 
down from the plane of the instrument. 

tn taking levels, the positive elevations 
□re obtained from negative rod readings. 
Care must be taken to avoid confusion. It 
must be remembered that for any instru¬ 
ment setting, the high readings are low 
elevations, and vice versa, 

USE OF LEVEL 

Use of the instrument as a level depends 
upon the fact that its cross hair indicates 
a horizontal plane, level with the observer's 
eye in all directions. By use of the rod, 
the amount by which a point is lower than 
[his plane can be measured, and the rela¬ 
tive elevation of any number of points 
within range can be calculated from rod 
readings. Points above the cross hair can¬ 
not be measured, except on vertical walls, 
without moving the instrument higher and 
resetting it. 

Levels are most accurate over short dis¬ 
tances, tf the instrument must be used when 
out of adjustment, readings should be taken 
as nearly as possible at equal distances. 

Converting Readings to l:k‘Yu(invis + If 
the instrument is to be set up only once on 
a job. and no record is to be made of ob¬ 
servations, the rod readings can be used to 
figure heights. However, since these num¬ 
bers are negative, the beginner will avoid 
confusion by culling the lowest point— 
that with the highest rtxi reading—zero 
elevation. The other points will then each 
have an elevation equal to the difference 
between its reading and that of the zero 
point. 

Another method of converting to posi¬ 
tive numbers is to subtract each reading 
from some number larger than the highest 
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reading. Figure 2-11 shows a series of read¬ 
ings taken to determine in which of two 
locations a drainage ditch should be dug, 
with figuring done by both the zero and 
subtraction (from plus 10) methods. 

Bench Marks, if the elevations are to be 
recorded for future use T it is necessary to 
have some fixed reference point which will 
not be disturbed and which can be readily 
identified. A knob on firm bedrock, a nail 
projecting from a tree trunk, a mark on a 
building, or a stake hammered flush with 
the ground may be used- Such a point is 
called a benchmark, and is abbreviated as 
BM. A reading is taken the first time the 
instrument is used, and again each time it 
is set up. These readings will probably all 
be different, but in each case the elevation 
of the instrument may be found by adding 
the rod reading to the benchmark eleva¬ 
tion. 

Since the benchmark is the most per¬ 
manent point observed, it is good practice 
to assign an elevation to it, and to calculate 
all other elevations from that. An as¬ 
signed number should be large enough so 
that no elevmion less than zero will be 
found on the job, as working with minus 
figures may cause confusion and error. 

If levels have been taken previously in 
the area, engineers' benchmarks may be 
found, in which case it is wise to use 


them If possible, the elevation assigned to 
them in the previous survey should be used 
to facilitate comparison between the two 
sets of levels. 

Even if engineers" benchmarks cannot 
be used directly in surveying the job, it 
may be advantageous to run a level to 
one, and note its elevation in relation to 
the contractor + s own benchmark, so that 
the two systems can be compared if neces¬ 
sary. 

If the job is a type that will involve fre¬ 
quent checks of levels, as on a road where 
stakes may be knocked out by machinery, 
it is a good plan to set up benchmarks so 
that one will be visible from each point 
where the instrument will be used. This 
saves time in taking grades on a few stakes 
and eliminates common errors in moving 
the instrument, or in taking an elevation 
from the w rong line stake, or a stake which 
has been disturbed. 

AM benchmarks should be figured very 
carefully, and re-checked at least once. 

Rvrurding Readings, Another require¬ 
ment in recording observations is to iden¬ 
tify the spot at which each reading is taken. 
This is usually done by taking readings at 
set intervals, such as ten, or fifty, or one 
hundred feet. These distances should be 
marked by stakes, pegs, small rock cairns, 
or in other ways. The first stake or mark 


2-9 





RUNNING LEVELS 


of the series is called the zero stake, and 
the others identified by their distances from 
it. It is customary to give distances in units 
of hundreds, followed by a plus sign and 
the other figures of the distance. The zero 
is written 0 + 0 P the fifty foot mark 0 + 50, 
and the hundred I + 0. If any points on 
the line are needed which are not in the 
series the distance is measured and entered 
in the notes with the reading, as 0 + 35. 

Important ground features along the cen¬ 
ter line, such as crests of rises, bottoms of 
dips, or beginnings of rock outcrops, 
should be taken in addition to the stake 
readings. 

Elevations may be taken from the 
ground, from the top of the stake, or more 
rarely, from a mark on a stake. If taken 
from the ground, it should be stamped or 
cut flat. Such readings are not as accurate 
as those taken from the top of a stake, 
and may be very difficult to check back, 
but they can be used directly in preparing 
profiles and figuring cut and fill. If the 
top of the stake is used, it is necessary to 
measure the stake height. 

Tapes, Measuring is usually done with 
a steel tape, often called a chain by sur¬ 
veyors, Fifty foot and hundred fool lengths 
are standard, and will suffice for most 
purposes. They should have a non-rusting 
finish as it is often difficult to dry and oil 
them immediately after wet work. Care 
should be taken not to kink a tape, or to 
bend it sharply, as such abuse may break 
iL 

If the numbers become illegible, they can 
be fixed for rough wort by measuring and 
marking the feet, and perhaps some fine 
divisions, with paint. A broken tape can 
he repaired by means of a splint and two 
rivets. 

Cloth tapes stretch readily, and are not 
accurate enough for even rough use. Metal¬ 
lic tapes, composed of cloth with interwoven 
wires, are variable in quality and resist¬ 
ance to stretching. If used t they should be 


checked occasionally by a good steel tape, 

Steel tapes change length with tempera¬ 
ture and stretch under tension, but these 
changes are so small that they can be 
ignored in open w r ork. 

Tapes must be held level, or very nearly 
so, on slopes, as engineers’ land measure¬ 
ments refer to distances on a horizontal 
plane. The downhill end of the tape may 
be placed exactly above the desired point 
by use of a plumb bob, or by dropping 
pebbles from the tape end. 

Center lines usually include angles or 
curves. If the former, measurements must 
be made to and from the angle point, rather 
than by a shortcut. Gradual curves may be 
measured in a series of chords (straight 
lines beginning and ending in the curve). 
Sharper curves may require a reduction in 
the length of the chords, as from a hundred 
to fifty t or twenty-five or even ten feet. The 
difference in length between the chord 
and the ore of the curve may be readily 
found by laying the tape along the curve 
from one chord point to another; or meas¬ 
uring a distance along it in very short 
chords, then measuring the distance be¬ 
tween the two points directly. If no signifi¬ 
cant difference is found, the chords are 
not too long. 

Tapes are best suited to two-man use. 
However, the loop on the zero end can 
be anchored in dirt with a screwdriver, and 
to stakes with a pushpin or thumbtack, 
and measurements made by one man. 

Ground measurements may also be made 
with the rod, with a short rule, a stick of 
known length, or for very rough work, 
by pacing. 

Stadia. If the instrument is equipped 
with stadia hairs, it may be used to measure 
distance as well as elevation, ff the stadia 
ratio is the usual I to 100* and the rod 
is marked in feet, tenths and hundredths 
of feet, each tenth visible between the 
sladia hair? indicates a distance of ten fret 
from the center of the telescope to the 
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rod. Six tenths would mean a distance of 
sixty feet, a foot would mean a hundred 
feet. This distance may be noted at the 
same time as the cross hair reading. 

If the rod is marked in feet, inches, and 
eighths of inches, each inch indicates a 
distance of eight and a third lech each foot 
a hundred feet. 

If a distance is to be measured off, the 
rod is held at increasing distances from 
the instrument in response to signals, until 
the proper number of markings show be¬ 
tween the stadia hairs, 

tf the rod is partially hidden by brush, 
a reading may be made between the center 
hair and either stadia hair, and multiplied 
by two, with only slight loss of accuracy. 

The rod should be held perpendicular 
to the line of sight of the telescope. On level 
ground, it should be vertical: looking down¬ 
hill, it should be leaned away from the 
instrument; and looking uphill, leaned to¬ 
ward it r If it is not at the proper angle 
the reading will be too small. The correct 
angle can be found by pivoting it slowly 
toward and away from the instrument, un¬ 
til the maximum reading is obtained. 

Turning Points, If elevations are to be 
taken for any points above the cross hair, 
the instrument must be picked up and reset 
at a higher elevation, it must be located 
so that it can take a reading on at least 
one point that was taken from the old 
setting. This point (turning or transfer 
point) is preferably one of the higher ele¬ 
vations (low readings) taken, and should 
tie between the two instrument locations. 
It is best taken from the top of a firm 
stake + or a knob or a well marked spot on 
rock or hard ground_ so that the rod set 
on it will be at exactly the same height 
at the second leading as at the first. Ac¬ 
curacy in reading at the turning point is 
very important as any error made will 
persist through the rest of the survey. Am¬ 
ateurs are advised to use two turning points 
with each move, as mistakes in reading or 


in arithmetic should then show up immedi¬ 
ately. 

The ncw r instrument elevation {abbrevi¬ 
ated H.l. for Height of Instrument) is 
found by subtracting the smaller reading 
from the larger one for each turning point, 
and, in an uphill move, adding the result 
to the first elevation of the instrument. 

Recording and Figuring, Figure 2-12 
shows some of this work. (A) shows the 
slope, Lite location of benchmarks and 
stakes, and the two instrument positions 
used. (B) is an informal set of notes of 
rod readings and calculated elevations. (C) 
is a profile drawn on cross section paper 
from the notes in (B). It is made by draw¬ 
ing a base line, assigning it an elevation 
lower than those of the stakes, and making 
each square represent a certain distance, 
In this diagram* each square represents one 
foot vertically and ten feet horizontally. 
This vertical exaggeration is necessary to 
have a large enough scale without making 
the drawing impossibly long. 

The profile is useful in giving a picture of 
the slope, in determining gradients of roads 
or ditches, and in figuring the cut and fill 
necessary to convert the present grade to 
the new one. 

The dotted line is the subgrade for a 
proposed road. It will be seen that the 
depth of cut or fill on this line may be 
approximately determined by measure¬ 
ment with a ruler; the elevation of any 
point on die road, in relation to the bench¬ 
mark, can be found in the same manner. 

Moving Downhill. If* at the original or 
at any later location of the instrument* 
points to be taken are so low that the rod 
is below the cross hair* the instrument must 
be moved dowmhilL A turning point (or 
points) is chosen with the lowest possible 
elevation (highest reading), the instrument 
moved* and new readings taken. The low 
reading is subtracted from the high one 
and the result subtracted from the earlier 
instrument elevation. 
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If only one or two points slightly below 
the cross hair must be taken, the rod may 
be rested on a stake, and the height of 
the stake added to the reading; or a ruler 
may be used at either the top or the bot¬ 
tom of the rod to extend it. 

Check Rum. When all the necessary 
points have been taken, the accuracy of 
the work may be checked by taking levels 
back to the starting point. This is usually 
a faster operation than the outward trip„ 
as it is only necessary to take transfer points 
and benchmarks. If frequent benchmarks 
have not been placed, it is advisable to 
iL-ic the same turning points, or to take 
readings on a few of the grade points, so 
that iF an error is present it may be local¬ 


ised It is not necessary or desirable to set 
up the instrument on the same points for 
the return trip. 

The two elevations found for each point 
should agree, but a difference, varying with 
the care with which the work is done, gen¬ 
erally exists. Benchmark runs should be 
held to within a few hundredths of a fool, 
even in rough work where a difference of 
several inches on a grade point might be 
allowable. If any considerable amount of 
cut or fill is needed, even benchmarks may 
be left as approximations, until skill or 
time is available for a more careful run. 
Any discrepancies found in the check run 
should be listed in the notes. 

If benchmarks are set at the beginning 
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and end of a run, and check properly on 
the return trip* it will not be necessary to 
back check ony later run on which these 
two elevations show correctly. However, 
d benchmarks have been set by other 
parties in some previous survey, they 
should be checked the first lime they are 
used* as they may be wrong or their de- 
scnpiioTi misunderstood. 

ROADS 

Reference Stakes. A large part of a con¬ 
tractor's instrument work is likely to be 
concerned with roads. Except for drive¬ 
ways and some pioneer and farm roads* 
most of (hem are built to specifications 
which must be followed rather closely. 
The nature of road building, however* is 
such that stakes arc extremely short-lived 
and must be frequently replaced or 
checked. 

Locations of stakes should be recorded 
in relation to a baseline, hut side stakes, 
or measurement between trees or waits, 
provide a more convenient reference. Very 
often the surveyors set only one line of 
stakes, as along the center line, or at an 
offset (distance to one side of ihe center 
line), which should be noted on each stake. 
The station number* and usually the 
amount of cut or fill required, are also writ¬ 
ten on the stake. 

The contractor will usually set addi¬ 
tional stakes himself to locate road edges, 
outer limits of cut or fill, or other parts of 
(he work. These are set by measuring the 
rquired distance from the surveyors' stake, 
at approximately right angles to the center 
line of the road. The contractor sets road 
edge stakes six inches outside of the line 
to allow machinery to work to the edge of 
the subgrade without necessarily disturbing 
the slakes. At the same time guide stakes 
may be set farther out from the center 
line, at a distance which will put them out¬ 
side the working area. They are best set 
on both sides so that any of the working 


stakes may be replaced by simply measur¬ 
ing between the guides. 

Where trees or heavy rocks arc near the 
road* nails may be driven into trees, or 
marks chiseled on rocks, on opposite sides 
of the road, and a tape stretched between 
them, and the reading at the center line 
and the ends noted. The station where the 
tape crosses center is also noted. Access 
to these notes will make it possible to find 
the center quickly and accurately again. 

When a few center line points cun be 
found from side references, it is often possi¬ 
ble to sight in the rest of the missing stakes 
bv eye with reasonable accuracy. 

Grade Slakes. Taking of road levels in¬ 
volves at least three lines—center and two 
road or gutter edges. In addition, frequent 
cross sections must be taken when the 
land slopes across the right of way, to 
determine The extent and volume of cuts 
and tills. On sleep slopes, cutting back a 
bank may involve much more excavation 
than digging for the road itself. 

Engineers" grades usually consist of a 
series of elevations for the finished road. 
Thesc are plotted on the same sheet of 
cross section paper as the profile of the 
ground surface, and the depth of cut or 
fill determined by measuring the distance 
between the two lines. These figures, if 
used directly* will not be accurate for most 
sub grade work* as the thickness of the 
pavement or gravel and of any special sub- 
tirade material must be subtracted to ob¬ 
tain the rough grade elevations, 

A misunderstanding as to whether fig¬ 
ures on grade slakes are for finish grade or 
suberade can be very expensive. Use of 
sub tirade figures for preparing subgrades is 
usually most satisfactory. 

The contractor may obtain from the en¬ 
gineer a list or profile showing subgrade 
elevation at each station, and information 
as to the location and elevation of bench¬ 
marks. This T combined with sufficient field 
references to show the center line, will 
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enable him to replace stakes which have 
been knocked out. and to find the depth 
of cut or fill required, by comparing the 
ground elevation with that required for 
the road. 

Cross Sections. Cross sections provide 
data to figure the cut and fill for the road, 
gutters, and side slopes. 

Figure 2-13 shows a sample cross sec¬ 
tion with the arithmetic involved in com¬ 
puting its area. The road and gutter surface 
have been simplified in the calculation, as 
this reduces the work without introducing 
loo large an error for rough figuring. The 
problem is also simplified by a horizontal 
ground surface. 

The cut is divided into slope triangles; 
and a road section, which in turn is di¬ 
vided by the line EF into a rectangle and 
two triangles. The data given by the en¬ 
gineer is labeled ""given/’ and that meas¬ 
ured off the diagram as "scaled/* The 
areas of I he triangles and the rectangle are 
readily computed, their measurements in 
feet being used for convenience and the 
result convened into square yards by di¬ 
viding by nine. 

The areas of a succession of cross sec¬ 
tions are obtained in this manner and aver¬ 


aged by adding together and dividing by 
die number of sections added. The result 
is multiplied by the length in yards of the 
area in which the sections were taken, 
giving the number of cubic yards of exca¬ 
vation required. 

Where the ground slopes irregularly the 
ground surface is simplified by drawing 
straight lines, and the cut and fill areas 
are divided into triangles. 

The road and gutter cuts could be fig¬ 
ured by averaging the width and average 
depth at each cross section, then multiply¬ 
ing their product by the length of the sec¬ 
tioned area. The slope sections cannot be 
averaged as their areas vary with the 
square of the depth of cut, and use of 
average depth would indicate a much 
smaller yardage than that actually required. 

This subject is discussed further in 
Chapter 8. 

LOCATIONS 

Fuming Angles* When an instrument is 
used to turn angles—that is, to measure 
the horizontal angle between two lines or 
directions—the axis of revolution of the 
telescope must be exactly above the inter¬ 
section of the lines, which may be marked 
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by a nail in a stake driven flush with the 
ground, a cross chiseled in rock, or by 
markings on concrete or metal plugs. 

When the instrument is set up over a 
point, a plumb bob should be hung at its 
center of rotation from a hook or through 
a hole usually provided. The point of the 
plumb bob should be just above the mark, 
and an amateur may have to move the 
tripod repeatedly before it is placed right. 

If the instrument has a shifting base so 
that it can slide on the tripod, setting up 
over a point is greatly simplified. 

A range pole is a convenient accessory in 
line and angle work. It is a pole seven or 
eight feet long, equipped with a metal 
point. It is painted alternately red and 
white in bands one fool wide, it is lighter 
than a rod and because of its conspicuous 
pattern is more readily seen at a distance. 

This pole is set on one of the lines in 
question. The instrument is swung so that 
the %'erlical cross hair is on the pole- The 
rotation is locked, and the hair lined ex¬ 
actly on the pole by turning the horizontal 
tangent screw. 

The reading on the horizontal circle and 
on the vernier is recorded. 

The pole is placed on the other line and 
sighted in the same way. The difference 





Fig. 2-15. Locating house site in irregular plot 

between the two readings is the angle be¬ 
tween the lines. 

Line and angle work may be done to 
stake out on the ground locations described 
on a blueprint or map; or to make a record 
of ground features or locations on paper 
so that they may be used in figuring, or 
replaced or relocated if necessary. 

Slaking out is best left to engineers if 
possible, as accurate work involves trig¬ 
onometry and skillful use of the instrument, 
and inaccurate work may result in veiy 
expensive mistakes. However, in emer¬ 
gency, or when results need be only ap¬ 
proximate, the contractor can do it himself. 

Staking from a Map. An example of 
staking out from a map is shown in Figure 
2-14. A building, 25' x 40', is to be erected 
at the location shown on a plot 100' square. 
Lot comer stakes are at A and B, 

The instrument is set up on A and 
sighted at B. The distances A A' and A'B' 
are measured along the line of sight, and 
stakes driven at A' and B'. The instrument 
is then set up on A', sighted on B, and 
turned 90 s , The distances A'C and CE are 
measured and stakes put at C and E. 

The transit is now set on C t sighted at 
A', and turned 90°. the distance CD meas¬ 
ured, and a stake placed at D. F is located 
from the instrument set at E in the same 
manner. The instrument is now set on F, 
sighted at E, and turned 90 c , measuring the 
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distance to 13 and W for a check on the 
accuracy of the work. The amount of error 
allowable will depend on job requirement. 

This technique js practical for the am¬ 
ateur only on square or rectangular lots. 
Another method that is applicable to any 
lot for which two widely spaced locations 
may be found both on the map and in the 
lot* is illustrated in Figure 2-15, The 
house is located on the plot plan and lines 
drawn from the known corners A and B 
to the near comers of the building, as 
shown. These Sines arc measured and con¬ 
verted to feet according to the scale, and 
the angles they make with the line AB and 
with each other are measured with a pro¬ 
tractor. Figures are written on the plan. 

The instrument is set up on A and a 
bearing taken on B. A 36 u angle is turned, 
the line AD measured, and the stake D 
placed. An additional angle of 26 15' is 

turned, AC measured, and C marked. 

The instrument is now set up at B. 
sighted on A. turned 32', and BC meas¬ 
ured. The end of this line should be the 
stake previously driven at C* but if it is 
not, a second stake C is placed. The instru¬ 
ment is turned sin uddilional 22 a 30\ and 
BD measured in the same manner IT the 
same locations arc found for C and D 
from both A and B t and the line CD is 
the required length, the work thus far is 
correct- ff serious disagreement is found, 
the work must be rechecked. 

The instrument may next be set at C, 
sighted on D. and turned 90° left. The 
distance CE is measured and stake E 
driven. F b boated by setting the instru¬ 
ment at D in the same manner. This part 
of the work may be checked by setting 
up on E, sighting C* turning 90 & , and meas¬ 
uring EF. 

The accuracy of the location of the 
house in the lot will depend on exactness 
of the measurement on the map, and the 
ability to read horizontal angles cor¬ 
rectly, Amateurs may be off several feet 


in such work, and should do it themselves 
only when such differences are allowable. 
Under any circumstances, it is necessary 
to get the building walls of proper length 
and at the proper angles to each other 

The stakes A and B may be used as 
benchmarks, and elevations taken at the 
same time as the bearings and directions. 

Recording, tf the location of existing 
stakes is to be recorded so that they can 
be replaced if destroyed* the work is the 
same except that the angles are obtained 
by sighting the instrument and copied from 
the horizontal circle onto a sketch. Dis¬ 
tances are measured in the field and noted 
on the sketch, which is most conveniently 
made on cross section paper, roughly to 
scale. This sketch is used in the same man¬ 
ner as the map in the previous discussion 
in replacing the stakes. Results are gener¬ 
ally much better as the field figures arc 
more accurate than those obtained with 
ruler and protractor from the map. 

ff field observations are to be entered 
on a map, the baseline or points should bo 
related to features shown on the map, as 
corner stakes, points measured on a line 
between diagonal comers, or measured 
along a boundary. When the baseline is 
correctly drawn, angles and distances can 
be marked in with protractor and ruler. 

Without Instruments. Simple location 
work can also be done without instruments. 
Figure 2-16 shows the same square build¬ 
ing plot. Fines are drawn on the print or 
tracing prolonging each side of the house 
to the plot boundaries, from where the 
distance to the comers ]$ measured. These 
distances arc [hen measured off on the 
ground and stakes set. 

Jhe distances of the house comers from 
the boundary lines may be scaled from the 
map and measured on the ground in direc¬ 
tions found by sighting between pairs of 
boundary stakes. 

Sighting may be done by placing a thin 
straight stake, as at L and another at Q. 
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Fig. 2-16. Staking without instruments 

A man may stand behind the stake at L 
in such a position that, when lie looks 
with one eye, the stake at Q is centered 
on L and just above it* as in Figure (B), 
Another man* carrying a third stake, meas¬ 
ures the distance GE, keeping on the line 
LQ in response to directions from the ob¬ 
server. The measuring is best done by pin¬ 
ning the tape to Q. The stake is set at 
E so as to be directly in tine befwecn 
stakes L and Q. The distance EC is then 
measured and stake C set in the same 
way. CL as measured for a check. 

Stakes F and D may be placed accord¬ 
ing to sighting from M to P T and measure¬ 
ments similar" to the method used for E 
and C The four corners of the building 
are thus located, and in a regular plot such 
as this no more work would be needed* 

However, as a precaution against error* 
or in an irregular plot, or one with poorly 
defined boundaries, it is wise to prolong 
the other sides of the house into the lines 
JO and KN, and to sight and measure the 
corners again from J and K. 

Re Fere nee Stakes. If the comer stakes 


have been set for a building in a plot 
without definite boundaries, and the con¬ 
tractor wishes to be able to reset them if 
necessary, there are several ways in which 
markers can be set without instruments. 

In Figure 2-17 the house wall lines arc 
shown continued in straight lines out of 
the digging area. These lines may be estab¬ 
lished by putting sighting poles on the 
corner stakes and finding a distant position 
from which two of these are in line—that 
is T one partly or completely hides the 
other. This sighting should be done with 
one eye and a pole held vertically in line 
wiih them, A stake is driven to mark the 
position of this third pole. The distance 
from this to the nearest corner stake is 
measured This process is repeated for 
each pair of stakes at the foundation. In 
the figure, the reference stakes are indicated 
by Xs and the sight lines by dotted lines. 
A sketch should be made showing dis¬ 
tances. 

Any missing stake may be found by right¬ 
ing from one marker to the other one on 
the same sight line, and measuring from 
the nearest marker Even if the sketch 
is not available, the point may be found 
by the intersection of two lines of sight, as 
described under instrument work. 



Fig. 2-17. Cross reference stakes 
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Fig. 2-18. One-suit: reference stakes 


Jf each reference stake is set the same 
distance out from the nearest stake, there 
is less need of keeping a record. 

In 2-18 a sight is taken along pairs of 
building stakes in the same manner, and 
two reference stakes set on one side, so 
that the distance from the building stake 
to the first marker is the same as that 
between the two markers. The stakes may 
be replaced by sighting and measuring from 
the pairs of markers. This method is not 
as accurate as the other, but it may be 
used alone or in combination with the hist 
system when obstacles prevent running a 
line straight across the area. 

Instruments give more accurate results 
than plain sighting, and should be used 
when available. 

Locating a Pnnd. If an irregular shape. 


such as a pond, is to be roughly measured 
and drawn into an existing map, a base line 
is first established and two points measured 
off. A number of pegs are driven into the 
shores of the pond at points which will 
serve to indicate its outline, and numbered 
in rotation, as in Figure 2-19. An instru¬ 
ment with stadia hairs is set up at A, a sight 
taken on B, or on a more distant marker 
along the baseline. A sight may also be 
taken on a corner of the house for a check. 
Sights are taken on all the stakes in rota¬ 
tion. Starting at one, the angle read for 
each one. and the stadia distance recorded. 
This information is sufficient to locate the 
pond by drawing the baseline on the map, 
and plotting distances and angles, How¬ 
ever. to avoid the possibility of gross error, 
it is safer to set up at B. take a bearing 
on A, and record the angle and distance of 
some or all of the points observed from A. 

The area of a pond so plotted can be 
easily obtained by counting squares on 
cross section paper, or by the use of a 
planimeter, which is a small instrument 
used for measuring areas on paper. 

Grids. If it is necessary to map an area, 
locating buildings, drain age ways, trees, or 
other features, or to take elevations over 
a large area in order to prepare grading 
or drainage plans, a grid should be laid out. 
This consists of pegs or stakes at sot inter¬ 
vals. I hey should be in straight lines, cross¬ 
ing each other at right angles. These lines, 
intersecting at the pegs, generally divide 
the area into squares. The interval may be 
five to twenty feet or more. * 

Tiie grid may be laid out in n number 
of ways. A baseline should be laid out 
along an edge of the area, The instrument, 
preferably a transit, is set up at a corner 
of the proposed grid and sighted along the 
baseline. Pegs are set every ten feet, or 
at any other desired interval, measured 
from the instrument, to the end of the grid. 
Tape measurement is preferable. 

I he instrumerit is now turned ninety 
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Fig. 2-19- Locating by stadia 


degrees, and pegs set at the same interval 
along the line of sight to die end of the grid. 
The instrument is set up at the end* a back¬ 
sight taken, and a ninety degree turn made. 
Pegs are set at the same intervals along 
this third line. 

The interior pegs may be placed by the 
use of a long tape from opposite pegs, or 
the instrument may be set up over each peg 
in either the first or third lines, sighted at 
the corresponding peg in the other line, 
and pegs set according to its vertical hair 
and measurement. 

Obstacles may make it impossible to set 
all the pegs by any of these systems. Usu¬ 
ally, if as many pegs as possible are placed 
the rest can be filled in by sighting along 


lines of pegs, with reasonable accuracy. 

The grid should now be copied on cross 
section paper with a point representing 
each peg. Any landscape features may be 
readily sketched in by estimating or meas¬ 
uring the distance from the nearest peg, 
and noting the place of the peg in the grid. 

Elevations are now taken on each peg, 
preferably doing them a complete line at 
a time to avoid confusion. The rod reading 
may be written just above each point. 
Readings should also be taken on high and 
low spots, drain channels, and anything 
else of interest, and noted in the correct 
place on the paper. 

When the instrument work Ls finished, 
the readings are preferably converted to 
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Fig, 2-20, Right angles 

positive numbers that can be penciled be¬ 
low the points, and the rod reading crossed 
out. 

This grid sheet can be used for reference 
for any locations or grading estimates 
which may be required, and in drawing 
contours p profiles, and cross sections. 

Grids Without Instruments. If no instru¬ 
ment that will turn angles is available, a 
grid may be laid out with a tape, and eleva¬ 
tions taken with a hand level A baseline 
is decided upon and a tall stake set at each 
end. A tape, the longer the beiter + is pinned 
at one end and extended toward the other, 
and lined up by sighting across it from one 
slake to another. The intervals are meas¬ 
ured and the tape moved on and lined up 
again. 

The right angle may be laid out by refer¬ 
ring back to the ancient engineering knowl¬ 
edge that if the sides of a triangle arc in 
the proportion of 3 to 4 to 5, the angle 
between 3 and 4 is a right angle. The proc¬ 
ess is illustrated in Figure 2-20. 

First the baseline is laid out, measured 
off, and pegs set. The tape is pinned at A, 
one end of the baseline; and thirty feet 
measured off at approximately a right an¬ 


gle. The tape is moved back and forth in 
an arc that is marked on the ground. 

The tape is then pinned to the baseline 
at C s forty feet from the end, and an arc of 
fifty feet radius described, crossing the first 
arc. A stake is driven at the point where 
these arcs intersect. The line AE may be 
located by sighting along stakes A and D T 
and will be perpendicular to AB. 

These figures have been given for the use 
of a fifty foot tape, but any measurements 
may be used as long as the 3-4-5 relation¬ 
ship is preserved. Larger triangles will give 
greater accuracy. If the grid is large in pro¬ 
portion to the triangle, a diagonal should be 
measured from E to a point on the baseline 
either % or 1 % as far from A as the dis¬ 
tance AE* and any necessary correction 
made if the diagonal is not in the proper 
proportion. 

A very rough grid may be made by sight¬ 
ing along the sides of a building to obtain 
the right angles, and spotting in the pegs by 
eye and measurement. 

Obstructions* Buildings, vegetation* and 
rough ground interfere seriously with prim¬ 
itive instrument techniques and make it 
more economical to hire an engineer. 

Large permanent obstructions require 
layout of additional lines and angles to 
work around them. 

Brush clearing for sight lines is laborious 
and somciimes quile destructive. It is han¬ 
dled by setting up the instrument, pointing 
it in the desired direction, and directing the 
cutlers so that their work will be kept close 
to the line of sight, 

Tn heavy undergrowth a mistake in turn¬ 
ing an angle may waste hours of cutting 
work. 

INSTRUMENT ADJUSTMENTS 

Surveying instruments are delicate and 
are easily put out of adjustment by failure 
of parts, careless handling, or accidents. It 
is often not possible lo have them checked 
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or repaired locally; the return to the factory 
may mean loss of use for weeks or months, 

ft ss then;fore desirable that a person us¬ 
ing an instrument be familiar with some 
adjustments that can be made in the field, 
without special skill. These include setting 
of telescope spirit level, and the horizontal 
and vertical cross hairs. 

If these arc properly set, and the instru¬ 
ment is inaccurate, shop service is probably 
necessary, 

Spirit Level The telescope spirit level is 
usually fastened by a pair of vertical bolts. 
A single nut holds it in a fixed position at 
one end, and a pair of nuts, one above and 
one below, permit moving it up and down 
on the oiher. 

These nuts are usually round and are 
turned by a special pin, a small nail, or 
the smooth end of a drill, inserted in radial 
holes. 

Both nuts are turned down, or clockwise, 
to move the bubble away from the adjust¬ 
ing bolt, and counter clockwise to bring it 
closer. They must first be unlocked by (urn- 
ing one away from the other, and should 
be locked again as soon as adjustment is 
made. 

This level can be checked each time the 
instrument is set up. When the turntable 
is level* the telescope should be able to 
swing in a full circle without changing the 
position of the bubble. If no turntable 
screw adjustment will permit this, the level 
is presumed to be at fault. 

To adjust, the turntable is leveled as 
accurately as possible and the bubble cen¬ 
tered. The telescope is swung a half circle, 
causing (he bubble to shift. The bubble is 
brought one quarter of the way back to 
center by the adjusting nuts, and the rest 
of the way by using the turntable leveling 
screws. 

The telescope is then swung to its origi¬ 
nal position, the bubble moved one quarter 
way to center by adjustment* and centered 
by the leveling screws. This process is 


repeated until swinging the telescope does 
not affect the bubble. 

Cross Hair. If the horizontal cross hair 
is not exactly centered, all readings on the 
rod will be too high or too low. Readings 
taken at about equal distances will agree. 
Greatest errors will be found on long sights. 

A reasonably accurate check and adjust¬ 
ment of this hair can be made with the help 
of o still pond. Two stakes are driven flush 
svilh the water surface, about a hundred 
feet apart. The instrument h set in line 
with them, ten feel beyond one. 

A rod is set on the near stake and a read¬ 
ing taken. This is assumed to be accurate, 
because the distance is too short for a per¬ 
ceptible error. The target is locked to the 
rod at this tending, or a note made of it. 

The rod is set on the far stake. If the 
hair is correctly adjusted, the reading 
should be the same. If it h not, the hair 
should be raised or lowered until it agrees. 

This is done by turning set screws at the 
top and bottom of the frame which holds 
the hair. The screws are unlocked by twist¬ 
ing one or the other a quarter or half turn, 
after which both are turned in the same 
direction. 

Loosening the bottom arid tightening the 
top moves the cross hair down, and turn¬ 
ing them oppositely raises it. When the 
adjustment is finished, they are locked by 
turning gently against each other. Another 
reading should be taken to make sure that 
this does not disturb the adjustment. 

The mechanism is fragile and may be 
damaged by forceful turning of the screws. 

The side screws should not be turned 
during this adjustment. 

Small errors arc usually present in this 
method as it is hard to get the stake tops 
exactly ui water level, and if the pond is 
overflowing, it will slope downward from 
inlet to outlet. Wind will raise the water 
against the bank toward which it blows. 

If no pond is available, or a more ac¬ 
curate adjustment is required, two stakes 
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Fig, 2-21. Checking the cross hair 


should be driven firmly into the ground, 
two to four hundred feet apart, and at 
almost the same level. The instrument is 
set up halfway between them as in Figure 
2-21 ( A) f and leveled carefully, 

A leveling rod is held on each of the 
outer stakes, and an exact reading taken 
according to the cross hair. These readings 
win he accurate with reference to each 
other, as any error in cross hair height is 
cancelled out in observations taken at equal 
distance. 

The stake standing on lower ground is 
assigned an elevation of zero, and has the 
higher rod reading. The elevation of stake 
(b) is the difference between the two read¬ 
ings. 


The instrument is now set up in line with 
the two stakes as in (B), about ten feet 
beyond stake (b), A reading is taken of 
(b). Then a reading is taken at (a), which 
should equal the elevation of stake (b) 
plus the reading there. 

if it does not, adjustment is made in the 
manner described above. 

Vertical Hair, The vertical cross or di¬ 
rection hair may be checked by driving 
three stakes exactly in line at two hundred 
foot intervals. The line may be determined 
by sighting with the vertical hair, and the 
distances measured by stadia or tape, The 
stakes should be about on the same level. 

The instrument is set up over the center 
stake, leveled carefully, and turned so that 
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the hair lines up with a rod or pole held 
vertically over one of the end stakes. The 
instrument is turned exactly IS0° T or, if 
it is a transit, flipped over vertically. The 
hair should now line up with a vertical stick 
on the other stake. 

If it does not, the cross hair should be 
moved one quarter of the way toward the 
stick by means of adjustment screws on 
the sides of the cross hair frame. These 
work in the same manner as the upper and 
lower screws. 

After the one quarter adjustment, the 
telescope is turned until hair and stick coin¬ 
cide. A ISO 2 angle is again measured off 
and the rod on the first stake sighted- The 
hair is adjusted to move toward it one quar¬ 
ter of any distance, then centered on it by 
moving the scope. 

Additional half circle turns, and adjust- 
ment$ T arc made until the hair will coincide 
with both sticks, 180° apart. 

MINOR INSTRUMENTS 

Hand Level. Rough levels may also be 
run with hand levels, such as the one showm 
in Figure 2-22. This consists of a sighting 
tube, in the top of which is a smalt spirit 
level parallel with the line of sight. A 
slanted mirror reflects the spirit level so 
that it is seen vertically beside the field 
of view. The object glass is marked with 
a center line, and may have two or more 
stadia lines. 

This level is used by holding it to one 
cye p and lipping it up or down until the 
bubble is centered at the center line on the 
glass. Any object cut by this line is then 
on a level w r ith the observer's eye, and 
nearby elevations may be determined and 
levels run in the same manner as with an 
instrument. 

Results are much less accurate* but in 
rough work this may be more than compen¬ 
sated by the ease of use. 

The eye height of the observer may be 
used as a unit of measurement. In taking 




the height of a hilt* as in Figure 2-23, the 
observer holds the level to his eye, while 
the rod man moves up or down the hill 
in response to instructions, until the bot¬ 
tom of the rod, a stick, or the man’s shoe 
rests on the ground at eye level. The spot 
is marked* the observer moves eo it, stand¬ 
ing with his heel on ji, and the rod man 
moves uphill, repealing the process. When 
the top is reached* the last observation 
should be taken on the rod, or a ruler or 
tape, Eo show the distance from the hilltop 
up to eye level. The height of the hill is 
the height of the observer, multiplied by 
the number of observations* less the rod 
reading on the last observation. 

ln working downhill, (B) a target fas¬ 
tened at the top of the rod, or a mark on 
a long stick p is sighted and moved until it 
is level with the eye. The observer then 
moves to that spot, while the target is 
moved downhill until level with the new 
position. On the last sight, the distance 
from the ground to eye level is measured. 

Each observation covers a drop equal 
to the height of the target minus the height 
of the observer, and will all be equal except 
the last one, which should be separately 
figured and added to the others. 

An individual's eye height measured 
from the heel when he is in erect position, 
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Fig, 2*23. Using a hand level 


will seldom vary more than an inch* which 
is not loo large an error for rough work. 
Care should be taken that the heel* and 
not the ball of the foot, is placed on the 
mark, 

Levcl-Clinoimter* The clinometer is a 
special type of hand level which can be 
used to measure slopes and vertical angles. 
The spirit level Is hinged so that it can be 


rotated about 45 a in either direction, and 
a pointer and scale indicate the angle be¬ 
tween the spirit level and the line of sight. 
The bubble will appear at the center line 
of the object glass when the hand level is 
held at the angle indicated by the scale. 
The scale is usually graduated to indicate 
both angles and slopes. 

The angle of a slope may be measured 
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by setting a target at eye height at one end 
and sighting it from the other. With the 
center line on the target, the spirit level 
may be adjusted until the bubble is beside 
tiie line. The pointer on the scale will then 
indicate the slope of the hill. 

It may also be used as an inclinometer 
by placing it on the slope to be measured, 
and setting the spirit level until tlie bubble 
is centered. It is usually good practice to 
lay a board on the ground surface and take 
its slope to eliminate effect of small irregu¬ 
larities. 

String Level. A string level is convenient 
to use over short distances. It is a spirit 
level fined with prongs by which it can be 
hung from a string stretched tightly be¬ 
tween two marks. Elevations may be taken 
from the end of the string, or by measuring 
down from any part of it, as illustrated in 
Figure 2-24. 

The string used should be strong enough 
to lake sufficient pull to remove all sag. ff 
it is at all slack it will give false readings, 
showing slope at the ends of a level stretch, 
and level somewhere near the middle of an 
inclined siring. 

Most string levels use flexible prongs 
which are easily bent by light pressure. It 
is therefore best to cheek such a level be¬ 
fore every use, and occasionally during a 
job. This is done by leveling a string 
according to it, slacking the string and re¬ 
versing the direction of the level on it, and 


tightening the string to the same marks. If 
the reading is the same, the level is all right. 
If it disagrees, bend a prong sufficiently to 
move the bubble one quarter way to the 
center, then move the siring to center the 
bubble Reverse the level on the string, and 
repeal the procedure as above, until the 
reading is the same both ways. 

( Lirpenk'iV Level. A carpenters' level 
may be used to level a siring, although not 
as conveniently. A string leveled by a ceit- 
pcr^ters , level may be used for direct ad¬ 
justment of a string level. 

Leveling by Eye* In the absence of any 
instruments at all* an approximate level 
may sometimes be obtained by sighting 
along a horizontal boEird or a row of bricks 
of a new house, the top of a foundation 
walk or marked posts standing in water. 

Altimeter* Altimeters or barometers 
which arc small enough to be carried, and 
sensitive enough to react to small changes 
in elevation, may be used for taking pre¬ 
liminary levels. 

The aneroid barometer or altimeter con¬ 
tains a sealed case with a thin flexible wall 
or diaphragm* which is bem in by Ein in¬ 
crease in atmospheric pressure, and bem 
out by its contained air when the outside 
pressure drops. A train of levers and gears 
is moved by the diaphragm, so that a hand 
is turned on the face of the instrument in 
order to indicate the changes in atmos¬ 
pheric pressure. 



Fig. 2-24, Using a string level 
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This pressure drops with increasing alti¬ 
tude, but it is also affected by wind pres¬ 
sure and the movement of storms and 
pressure areas, so that it may vary consid¬ 
erably from hour to hour and day to day. 
In surveying* the problem is to separate 
changes due to altitude from those caused 
by weather. 

This may be done by making the obser¬ 
vations in such a short time that no impor¬ 
tant change wilt take place; by checking 
the instrument at the starting place, or 
some other spot of known altitude, at the 
end of a run, or by the use of two instru¬ 
ments, one of which is kept at a fixed point, 
and its reading recorded every hour, or 
opener, while the other is used on the job, 
and the time of each reading noted, 

In the second case, the change found 
may be used to correct the readings on a 
somewhat arbitrary basis, the most recent 
being the most affected. When the two 
instruments are used, each recording is 
corrected according to the barometer read¬ 
ing at the time it was taken. 

The most convenient altimeters are engi¬ 
neers' pocket models, which are the sire 
of a very large watch, and have a glass for 
magnifying the scale. These are expensive, 
difficult to repair, and rather rare. 

An airplane altimeter of the sensitive 
type, having two or more hands, may often 
be purchased reasonably at an airplane in¬ 
strument repair shop, where it can also be 


checked for accuracy. These are easily read 
but are somewhat more bulky to carry. 
Single hand airplane altimeters are slightly 
smaller and usually cheaper, but the scale 
and lack of sensitivity make them unsuit¬ 
able for any but the roughest work. 

Altimeters usually carry two scales on 
the dial—an altitude reading, calibrated 
in feet* and a barometer index, The hands 
or the dial may be turned to permit cor¬ 
rection of the altitude reading, as required 
by changes In local pressure. 

Airplane altimeter hands turn clockwise 
with increased altitude; most pocket altim¬ 
eters counter-clockwise. 

An altimeter is set for correct or as¬ 
sumed attitude when work with it is started. 
As it is carried up or down hill, the hands 
will point to higher or lower altitudes on 
the scale, and notes may be made of the 
reading wherever desired. It is advisable to 
lap the instrument before each reading 

Altimeters provide the quickest and 
easiest means of finding heights and depths 
in rugged and overgrown country. They are 
not accurate enough to be used in sett in a 
grades, except in very experienced hands. 

Water Hose. A garden hose will provide 
an accurate level for distances it can reach. 
The ends are turned up so that it can be 
filled with water, then they are moved until 
the water is even with Their openings. They 
are then at the same level and can be used 
for checking with little chance of error. 
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SOIL AND ROCK 

Soil is loose surface material Rock is the 
hard crust of the earth, which underlies 
and often projects through the soil cover. 
There is no clear distinction between soil 
and rock. Geologically t all soils are con¬ 
sidered to be rock formations. In ordinary 
usage, rock is something hard, firm, and 
stable. 

A contractors' definition is that rock is 
any material which cannot be dug or loos¬ 
ened by available machinery, but this dis¬ 
tinction from soil may depend more on the 
power, size, and digging efficiency of the 
machinery, than on [he material itself. 

Material to be excavated can also be 
roughly divided into three classes, rock, 
hard digging, and easy digging. Rock is 
anything that requires blasting for efficient 
digging by most machines. Hard digging 
is compacted, cemented or rocky dirt, me¬ 
dium clay, soft shale, rotten rock T and other 
material which can be dug by heavy ma¬ 
chinery, or loosened by rippers. Easy to 
medium digging is any soft or fine loose 
deposit. 

Soil, Soil is composed of particles of 
various sizes and chemical composition It 
can be analyzed as to sizes by sifting a 
dried' and weighed sample through a set 
of testing sieves, such as are shown in 
Figure 3-1, and weighing the material re¬ 
tained on each screen, 

tf further analysis is required for parti¬ 
cles passing the smallest {200 mesh) sieve. 


it is done by hydrometer. This process is 
based on the fact that the speed of settle¬ 
ment of such particles is proportional to 
their size. 

Figure 3-2 indicates the size particles 
which are included an the common soil 
classifications. There are several scales, in 
which the boundaries between different 
classes may vary. The di(Terences among 
thetn arc not important to the average con¬ 
tractor. 

Fine grained soils are known as heavy, 
and sandy ones as light. Heavy soils may 
or may not permit circulation of ground 
water, light ones almost always do. Heavy 
soils are more readily softened by water. 
They ore often called plastic soils, even 
when not in a plastic condition. 

A plastic soil is one which can be rolled, 
as between the hands, into strings ¥t*" in 
diameter without falling apart. Plasticity 
is a function of soil character and of mois¬ 
ture content. The minimum amount of 
water in terms of per cent of oven^dry 
weight of the soil which will make it plastic 
is defined as the plastic limit of the soil. 
If no amount of water will allow it to roll 
into strings it is called non-plastic, with 
the symbol NP. 

The liquid limit is minimum moisture 
content, in terms of per cent of oven-dry 
weight, which will cause the soil to flow if 
jarred slightly. 

The plasticity index is the difference be¬ 
tween the plastic limit and the liquid limit; 
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Fig. 3 - 1 , Testing sieves 


that is to say, the range of moisture con¬ 
tent in which the soil is plastic. 

Soils or their particles may also be clas¬ 


sified as to grain shape or hardness, and 
mineral and organic content. These factors 
will affect their resistance to weather, sta- 
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bility under load, wear on digging parts, 
and internal friction. 

Most soils arc inorganic, and are made 
up of products of decay and breaking up 
of rock. Organic soils and organic material 
in soils, are largely humus which is formed 


by decay of vegetation and has no definite 
particle size. Organic materials may also 
consist of lime from shells or from lime¬ 
stone originally formed from shells, and 
animal bones and cxcremenLs. 

Rock. Geologically, rocks are classified 
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Fig, 3-3. Rock types 

as to the way in which they were made. 
Those which solidified out of a molten state 
are called igneous, and are subdivided into 
volcanic* which cooled on the surface, and 
platonic which hardened deep under¬ 
ground. 


Sedimentary rocks are built up of soil 
or plant or animal remains and have been 
hardened by pressure, time, and depositing 
of natural cements. 

Metamorphic rocks were originally ig¬ 
neous or sedimentary, but have been 
altered by extreme heat and pressure. 
Figure 3-3 contains tables classifying 
rocks as to type and hardness. The latter 
quality is quite variable, even in one for¬ 
mation, and may be made up of different 
factors, as resistance to penetration, abra¬ 
sion, or crushing. 

Digging Resistance* The resistance 
which must be overcome to dig a forma¬ 
tion will be made up largely of hardness, 
coarseness, friction, adhesion, cohesion, 
and weight. 

fn digging, hardness is resistance to pen¬ 
etration. It is increased by close packing 
of soil, or fitling of voids with finer parti¬ 
cles, or lime or other natural cements. Clay 
soils are hard when dry, and soft when wet. 

Cobbles* boulders, or hard lumps in¬ 
crease the power requirement for penetra¬ 
tion. I hey are most troublesome when they 
arc oversize for the machine, or packed so 
firmly in place that they cannot slide or 
rotate away from the cutting edge. 

As the digging edge penetrates, friction 
absorbs an increasing proportion of its 
force. It is affected by particle size and 
hardness* by the amount of moisture, and 
the presence or absence of natural lubri¬ 
cants such as humus or soft day. 

Adhesion h the sticking of soil to the 
dl lS in S P art ^ It rosy increase the friction 
load substantia I ly in wet work. 

Cohesion is resistance to tearing apart. 
Firm or hard materials may split readily r 
along bedding or cleavage planes so that 
they can be dug rather easily from the 
proper direction. Relatively soft clay banks 
may be very difficult to dig because of 
strong and uniform cohesion. A tough for¬ 
mation lacking planes of weakness is de¬ 
scribed as 1 tight. ^ 
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WEIGHTS Of MATERIALS 
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Fig. 3-4. Weights of materials 


her tired machine on various types of sur¬ 
face. A resistance of twenty pounds to the 
ton is roughly equivalent to that offered 
by an upgrade of one per cem. 

[f the machine in the example were 
equipped with larger tires, or if pressure 
were reduced in standard tires for the soft 
footing, rolling resistance would be dimin¬ 
ished in the higher brackets. 

Poor footing reduces production sub¬ 
stantially and also increases machinery 
maintenance cost, 

A down grade may counteract power 
loss on poor footing, or on good footing 
give added force, of at least twenty pounds 
per ton for each per cent of slope. 

Tractive Efficiency, Tractive efficiency is. 
a measure of the proportion of the weight 
resting on tracks or drive wheels which can 
be convened into movement of the vehicle, 
dependent upon the coefficient of friction 
of its roadway. 

On any given surface, it can be increased 
by the use of wider or longer tracks; or 
larger or more numerous tires. With any 

A tA&LE i 

A hard. surfaced 

NWdwOq. without prrirfrrnlion i^ndtr 

loGd. Wntrrsd hriomtatnEd 4 Q lb-/ten 


Weight may limit the amount which can 
be dug or carried in a bucket or body and 
the speed with which the load can be 
hoisted or transported, ti is a critical factor 
in selection of dragline and clamshell 
bucket sizes, and in regard to the length 
and angle of the boom which carries them. 

Figure 3-4 gives approximate weights 
per cubic yard of some common materials. 

Rolling Resistance and tirades. Most ex¬ 
cavated male rial is transported in trucks or 
scrapers partly on pi! floors or unpaved 
haul roads. The weight that can be carried, 
and the speed made by any given unit, arc 
affected by the resistance of the surface to 
the wheels or tracks. 

Table A, Figure 3-5, indicates the differ¬ 
ences in rolling resistance to a typical rub- 
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Fig. 3-5. Rolling resistance and tractive effort 
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Fig. 3-6. Soil swell and shrinkage 

degree of tractive efficiency, traction, or the 
total amount of driving push, can be in¬ 
creased up to a point by increasing the 
proportion of vehicle weight on the drive 
wheels. 

Table B gives ihe tractive efficiency of 
an average olT-the-road hauler on various 
surfaces. 

Tractive efficiency is affected by the 
amount of friction between tire and soil 
surface, and by the cohesion of the soil. 
Swell. When soil or rock is dug or 
blasted out of its original position, it breaks 
up into particles or chunks, which lie 
loosely on each other. This rearrangement 
creates spaces or voids, and adds to its 
bulk. The increase is called swell. 


Measurement of earth in its original po¬ 
sition is in bank yards, and after shaking 
up is in loose yards. Relative volumes of 
some common earths are indicated in Fig¬ 
ure 3-6. 

When soil is placed in a fill, and thor¬ 
oughly compacted by rolling, it will shrink, 
the amount depending on its character, its 
structure in the bank + the thickness of fill 
layers h and the weight and type of roller. 
Blasted rock will retain some swell, while 
ordinary loam may be reduced to about 
ninety per cent of its bank volume. Meas¬ 
urement in the fill is described as com¬ 
pacted yards, or yards after shrinkage. 

Capacities of buckets, bowls and bodies 
arc in loose measure. Large jobs are figured 
on bank and compacted yards; while small 
jobs, or delivered prices of earth, are more 
likely to be based on loose yards. It is 
important that the type of yard be dearly 
understood in any arrangement made. 

Mine and quarry output may be meas¬ 
ured in tons, which are converted to yards 
when necessary by measurement, or use 
of tables similar to that in Figure 3-4, 

CAPACITY AND OUTPUT 

Most excavating and hauling units have 
a bucket, bowl, or body which is loaded, 
moved, dumped, and returned to the load¬ 
ing point. The complete set of operations 
is known as the working cycle. 

The probable production of such a ma¬ 
chine can be calculated by multiplying its 
capacity by the number of times it can go 
through its cycle in a given period. 

Other machines such as hydraulic 
dredges and bucket or bell conveyors pro¬ 
duce a more or less continuous stream of 
material. Their output may be calculated 
according to an average cross section of 
the stream multiplied by its speed or on a 
basis or buckets per minute. 

Production may also be determined by 
measurement of the material moved dur¬ 
ing a Lime period; either in the bank before 
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Fig* 3-7. Body capacities 

moving, or in the hauling unit or fill. 

Any method used must take careful ac^ 
count of all factors which may affect either 
the capacity or speed of the unit. 

Capacity* Most buckets and bodies are 
rated by the manufacturer as to carrying 
capacity in loose yards. This rating may 
be water level (the yardage of liquid which 
couEd be curried if it didn't leak out), line 
of plate or struck measure, which is water 
level or water level plus the space between 
parts of the rim which project above its 
low point, or heaped. 

Shovel dipper buckets and truck bodies 
are normally rated at water level, carrying 
scrapers at both struck and heaped meas¬ 
ure, and clamshells at water level, line of 
plate and heaped, 

i Body capacity should be indicated by a 
plate. It is usually in yards, but may be in 
I feet. It ordinarily docs not include side¬ 
boards, or other removable extensions 


which increase its volume. The extra load 
between the boards may be found by the 
proportion between the heights of the body- 
wall and of the board. For example, if a 
body with three foot sides holds six yards, 
a one foot sideboard on each side will in¬ 
crease capacity by two yards. 

If there is no plate, size can be deter¬ 
mined by measurement of the inside length, 
width and height, usually in feet and frac¬ 
tions of feet. These are multiplied together, 
to obtain cubic feet t which are divided by 
twenty-seven to get cubic yards. 

The table in Figure 3-7 gives dimensions 
of the water level capacities of some body 
sizes used m trucks. 

Heaps. The heap on top of a load 
can be measured only approximately be¬ 
cause of its shape. It is usually calculated 
on the basis of an assumed even slope of 
the material. On a truck body the slopes 
from opposite sides are continued until they 
meet, while on a scraper they may be cut 
off horizontally at a height beyond which 
they arc not apt to build. 

In general, the volume of a heap is de¬ 
termined by the slope of the material and 
the area of the body. A steep slope and 
a wide body give maximum yardage. 

Occasionally very large heaps can be 
carried. A dragline bucket in wet chunky 
humus may pick up a bad which is double 
the struck capacity. 

Some contractors figure that the volume 
of the heap balances the voids in the load so 
that heaped loose yards equal level bank 
yards. Because of the wide variations in 
both swell and relative volume of heaps and 
level loads, this rule of thumb may be 
wrong more often than it is right. 

Container Efficiency. An excavator may 
not be able to fully load its bucket or bowl, 
because of hard digging, poor traction, in¬ 
adequate power, heavy material, or other 
factors. A hauling unit may be run partly 
empty to save strain on rough ground, or 
to enable it to climb sleep grades. 
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When material is coarse in proportion to 
bucket size chunks may be partly supported 
by the sides and each other, leaving exces¬ 
sive voids and reducing the load below that 
indicated by bucket capacity. 

The proportion between container ca¬ 
pacity and its actual load is called the 
bucket* bowl + or body efficiency factor. 
This factor is included in calculations only 
when indicated by the special conditions 
listed above. 

Irregular Loads, Loads pushed by a bull¬ 
dozer blade are rather shapeless and diffi¬ 
cult to measure. They can best be estimated 
by counting the number of full passes re¬ 
quired to dig a known yardage of a bank; 
or by placing a known number of loads in 
a pile, and measuring the pile. 

The first result will be in bank yards, the 
second in loose yards. 

Work Cycles. The work cycle may be 
timed as a whole in figuring output for ex¬ 
isting conditions. For accuracy it is neces¬ 
sary to take the average of a large number 
of passes as there may be a considerable 
variation among them H 

ff a study is made of a cycle, either to 
find a way to speed it up, or to use its time 
intervals as a basis for figuring production 
under different conditions, it can be broken 
down into individual operations which are 
timed separately. 

A study of bulldozer and of scraper op¬ 
eration may include some or all of the divi¬ 
sions listed below. Each one should be 
timed. Digging and traveling distances 
should be measured. A record should be 
made of all grades, as these machines are 
much less efficient going up hill than down. 


Bulldozer 

Dig 

Shift into second 

Transport 

Dump 

Shift to reverse 
(raise blade) 
Return 


Scraper 

Load 

Shift 

Transport 

Shift 

Spread 

Shift 

Deadhead to turn 


Bulldozer (Com.) Scraper (Coni,) 

Shift to low Turn 

(lower blade) Return to digging area 

Deadhead to turn 
Turn 

Get to loading position 
Shift into low 
Wait for pusher 

\ 

Machine efficiency. Non-working time 
such as delays for moving the machine, 
minor repair adjustment, rest, gening in¬ 
structions, or looking at grade stakes is not 
averaged into cycle time. Jt is considered 
separately as the efficiency factor of the 
machine, h may work out between 70% 
and 85% for short periods with expert 
operators on a properly run job. with ma¬ 
chinery in good condition and weather 
favorable, 

A convenient way of making rule-of- 
thumb allowance for efficiency of about 
83% is to consider that an hour contains 
only fifty working minutes. On this basis, 
a machine with a thirty second cycle can¬ 
not be expected to perform it more than 
one hundred times an hour. 

If two machines are interdependent, the 
efficiency factor is usually lower so far as 
the job is concerned. If two eighty per cent 
efficient machines are down at the same 
time every time the efficiency factor re¬ 
mains at RO'd?, If they are down separately 
each time the factor drops to 60%. 

As the period under study becomes 
longer efficiency drops steadily as weather, 
work sequence stoppages, and major over¬ 
hauls must be considered. Time losses can 
be funher increased by inefficient manage¬ 
ment, had pit layout, poor morale of em¬ 
ployees, or other unfavorable conditions. 

Oulpdt Formulas. A formula which can 
be used for figuring production of any ma¬ 
chine with a regular cycle is: 

OUTPUT, yards per hour - 

O x K x E x 60 x f 
Cm — 
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Where: Q— capacity, either struck or 

heaped 

K = efficiency factor of bucket 
or body 

E= efficiency factor of machine 
60= sixty minutes in an hour 
f— soil conversion factor 
Cm = cycles per minute 

If the result is to be in bank yards, f has 
a value obtained from observed swell* or 
from Table 3, Figure 3-6, 

If the result is to he in loose yards, f 
equals one a and can be dropped from the 
equation. 

The factor K is not required when full* 
solid loads can be taken. 

If efficiency is approximated at 50 
minutes are used instead of 60. for the hour. 

Under these conditions, the following 
simplified formula can be used: 


OUTPUT* loose yards per hour = ^ X ^ 

Cm 

When timing machines whose cycle b 
less than a minute it is more convenient to 
figure it in seconds. This is done by multi^ 
pJying the number of minutes by 60, and 
using Cs-—cycle time in seconds—'instead 
of Cm, With these substitutions, the form- 
ulu will be: 

OUTPUT, yards per hour = 

QxKxEx 36QQ X f 
Cs 

Or simplified to: 

OUTPUT, loose yards per hour = 

O x 3000 
Cs 

Additional data on output will be found 
in Chapter 11 and in the Appendix. 


MUD 


Before proceeding with the details of 
various types of excavation, it is in order 
to consider some of the general problems. 
Mud is one of the most important of these. 

NATURE OF MUD 

Water Content. Mud is soil saturated 
with water to such an extent that it loses 
its structure and takes on some of the 
properties of a liquid. Even the driest soils 
contain some water in very thin films* and 
moderate additional amounts may give 
added firmness by acting as a binder. But 
when the quantity of contained water is 
sufficient to build up water films around 
the grains thick enough to serve as a lubri¬ 
cant so that they can move freely on each 
other, the soil becomes mud. 

Particle Size. The quantity of water nec¬ 
essary to turn mineral soils into mud varies 
with the size, shape, and arrangement of 
the particles. Small grains have much less 
volume in proportion to the thickness of 
I he water film they hold than have large 


ones, and therefore they form more fluid 
muds. Sharp angular grains have projec¬ 
tions which penetrate the film and inter¬ 
lock, and large grains and pebbles develop 
high enough contact pressures to cut 
through the film. If there are enough fine 
particles in a mixed soil to prevent the 
coarse ones from touching, the mud will 
have the qualities of the fines, 

A line-text tired (heavy) soil such as clay 
will also remain saturated much longer 
than a coarse one. ns the spaces between 
the grains arc so small that water moves 
through them very slowly. 

Humus* Humus* or peat* which is de¬ 
cayed organic material* absorbs water 
somewhat as a sponge docs, in large quan¬ 
tities* and holds it stubbornly against 
evaporation and drainage. When saturated* 
nearly pure humus, as found in some 
swamps and peat beds* resembles a jelly* 
fibrous or smooth in texture, and black or 
brown m color. It is the slipperiest and 
most treacherous of the muds. It dries very 
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slowly* with shrinkage of 50 per cent or 
more, to a light, fluffy soil. When mixed 
with inorganic soils, as in topsoil and 
mucks, it greatly reduces their load bearing 
qualities and makes them muddier under 
wet conditions. 

Quicksand, Quicksand is usually fine 
sand or silt through which water is moving 
upward with enough pressure to prevent 
the grains from settling into firm contact 
with each other, tt provides practically no 
support for machinery unless its weight is 
distributed over a large area by platforms. 

Making Mud. When undisturbed, inor¬ 
ganic soil is usually quite closely packed, 
with its grains fitted together closely, and 
often lightly cemented by mineral deposits. 
When it is dug up or pushed around, the 
grains are shaken away front each other 
into a loose structure. In this condition it 
can quickly absorb a large quantity of 
water and become a very soft mud. As it 
dries, the grains settle together so that less 
water is absorbed with each subsequent 
wetting. If it is compacted by rolling, tamp¬ 
ing, or vibration before being soaked, it 
may become even more water resistant 
than in its original state. 

When a firm, dry soil is covered with 
water, it gradually absorbs some of it and 
expands in volume, but it never becomes 
as soft as if disturbed before wetting. 

If a firm, fine textured soil has a film of 
rainwater on its surface, and is passed over 
by a vehicle tire, the water will be forced 
between the surface particles and the result¬ 
ing mud will be wiped off and pushed aside, 
leaving a new surface exposed to the next 
raindrops and wheel passage. Repetitions 
of this result in a slippery road, ruts, and 
mudholcs, 

Fn?si. When soil Freezes, the expansion 
of ice crystals between the panicles pushes 
them out of place. When the soil thaws, 
it is likely to become a slippery, structure¬ 
less mud, often resembling toothpaste in 
consistency, ft ordinarily firms up fairly 


quickly* particularly if vibrated by a heavy 
rain, but may persist for several months 
when upward seepage of water prevents 
settlement. In its extreme condition it will 
not support loads, and is made more dan¬ 
gerous by its occurrence in places that are 
normally firm, and under sod which bridges 
and hides it* Such places can be detected by 
sounding with a crowbar, and should be 
avoided or treated with the same precau¬ 
tions as soft swamps. 

In northern winters, frost may stabilize 
a swamp so that it can be worked easily. 
Ice and frozen earth are liable to be vari¬ 
able in thickness and treacherous because 
of snow cover and the heat of decay of 
organic material, but any traveled route 
will gain in stability as long as freezing 
continues. 

Mud from thawing is apt to render dirt 
road surfaces slippery, particularly on 
sunny slopes. Early mornings such roads 
are often Frozen hard, and work must be 
done, then, in cloudy weather or at night. 
Tire chains arc useful but may not be 
adequate. 

Sand. Clean sand is as troublesome as 
mud to two-wheel drive vehicles. It can be 
stabilized with pneumatic tired rollers and 
plenty of water, but the surface will loosen 
up as soon as it dries. Tires spin and dig 
down into it rapidly with a jerking motion 
that is very damaging to the drive mecha¬ 
nism. Alt-wheel drive vehicles ordinarily 
have less difficulty with it, but it consumes 
considerable power. The general problem 
is one of getting traction without digging in, 
but there is no danger of simply sinking 
as in mud. Partially deflating the tires may 
help; smooth tires will do better than those 
whh tread as they will not dig down as 
readily. Mats of brush, wire, grass, or a 
thin layer of dirt may suffice to give trac¬ 
tion. 

Tracked vehicles can travel on sand 
without difficulty, but if equipped with 
grousers, care must be taken about pulling 
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heavy loads that may cause tracks to spin, 
as they will then hang up quickly. The 
silica which makes tip most sand is very 
wearing to the Track parts* particularly 
when particles are angular. 

Work Delays. Mud Is an impediment to 
work in many ways. Deep mud causes 
equipment to bog down and to become use¬ 
less until pulled out, and a film of mud may 
render firm footing dangerously slippery. 
Mud sticks to shovel buckets and truck 
bodies instead of dumping, and builds up 
in chains and tracks until they jam. It 
holds objects lying on it by powerful suc¬ 
tion so that they become difficult or impos¬ 
sible to lift. When frozen it can lock to¬ 
gether and immobilize the most powerful 
machines. And it is much heavier than the 
same amount of dry soil. 

The most severe mud conditions arc en¬ 
countered in swamps because of perma¬ 
nently saturated conditions and the usually 
high organic content of the soil, but be¬ 
cause the contractor expects this and is pre¬ 
pared, fewer difficulties arise than when 
mud appears on drier jobs. 

EQUIPMENT FOR MUD 

Mud trouble can be reduced by using 
proper equipment. In general crawlers are 
preferable to wheels; tracks should be the 
longest and widest obtainable; tires should 
be big, soft, and eleated; and units should 
be the smallest that will do the work. All¬ 
wheel drive is desirable for trucks. 

The ability of a machine to stay on top 
of soft ground is affected by its ground 
pressure, which is usually measured in 
terms of pounds weight on each square inch 
of ground contact; shear, which is the load 
on the edge of the track or tire; and total 
weight. 

Ground pressure is the most important 
factor in loose soils such as sand or dust. 
Shear is most important when a soft soil 
is protected by a harder crust or sod. It is 
increased when (he machine is tipped, and 


when it pushes a load. Total weight affects 
deep mud which may creep or flow from 
under the machine. 

Grousers or cleats cut and churn up their 
footing but are necessary to get a grip on 
slippery surfaces. 

Some wheel tractors can be fitted with 
temporary metal and rubber tracks which 
enable them to work in fairly soft places, 

Crawlers may have oak planks or four- 
by-fours bolted to their pads so as to pro¬ 
ject several feet on the outside. These will 
stand up well if kept on soft ground and 
give excellent flotation. They cannot be 
used with a dozer that has outside push 
aims. 

Special vehicles, such as the military 
weasel and the swamp buggies used for 
exploration by oil crews, are very useful 
in supplying fuel and other essentials to 
machinery working in swamps, 

TEMPORARY ROADS 

Wheeled Equipment Wheeled equip¬ 
ment is best kept out of swamps unless they 
are frozen, dried out artificially or by 
drought, or have roads built into them. 
The minimum road is a strip in which the 
soft spots are stuff ed with brush or bridged 
with planks. If poles are used, they should 
be closely fastened so that they cannot 
work apart and let wheels down between. 
Whenever possible surface poles should be 
at right angles to the direction of travel 

Pole Tracks. Poles may also be used as 
tracks to be straddled by dual wheels. They 
should be straight, free of stubs or sharp 
projections which might cut tires, and 
should be large enough so that they cannot 
pass between the tires toward the hub, and 
small enough so that they will not slip side¬ 
ways out of the groove between the tires. 
The poles should be overlapped at ihdr 
ends so that the wheels will not be left 
without support while passing from one to 
another. 

Front wheels may be placed on skids or 
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Fig- 3-8, Corduroy road cross sections 

runners and chained down. If the mud is 
not very deep, they may be left to make 
their own way. 

This procedure is for short emergency 
moves only. 

Corduroy, A corduroy road can be built 
to support heavy machinery on very soft 
ground. It consists of logs or half logs laid 
across the traveled way, touching each 
other. They may be laid directly on the 
ground, on one or more stringers running 
lengthwise, or on both stringers and longer 
cross logs, called sleepers. Several con¬ 
structions arc shown in Figure 3-8, 

A minimum width of 12 feet is recom¬ 
mended for one way traffic, although it 
might be possible to get by with ten. Curves 
should be two to four feet wider. Cross logs 
may be extended beyond the road edge for 
additional stability. 

Logs six to ten inches in diameter are 
generally strong enough for the work, with¬ 
out being excessively heavy. Thinner ones 
may be used as stringers. Heavier sizes may 
be split for cross logs, or partly buried for 
stringers. 


The upper surface of cross logs should 
be smoothed by removal of stubs and 
bumps, and perhaps planing down with 
adze, ax, or ripsaw. 

Guard logs are desirable to prevent ve¬ 
hicles from sliding off, to reinforce the 
road structure, and to retain any surfacing 
which may be added. Picket stakes may be 
placed to hold guards in position, and to 
bind cross logs to the outer stringers. 
Edges may be bound together by heavy 
wire, by cable, spikes, or lag bolts. Such 
fastenings are important when the road 
surface is well above the ground, where the 
mud will not act to hold it in place. 

Drainage ditches may be dug on one or 
both sides to remove standing water. These 
should be kept from three to ten feet away 
so that mud will not flow' into them from 
under the logs. In very thin mud their use 
is inadvisable. 

When a drainage channel or small 
stream must be crossed, the stringers can 
be increased in number and strength and 
set on sleepers on each side of the channel 
so as to serve as a log bridge. If clearance 
is doubtful, metal pipe may be used to 
cany the water under the stringers. 

Corduroy roads are quick and fairly easy 
to construct if logs are on the site, and 
usually arc very strong. However, their 
surfaces are extremely rough and it is ad¬ 
visable to cover them with gravel or other 
surfacing if they are to have much use. This 
saves damage to both machinery and road. 

A corduroy road made of oak, cypress, 
or other strong and rot resistant wood may 
have a very long life. Some soft woods, 
such as poplar, will rot out in two or three 
years. If mixed species must be used, the 
inferior ones will give their best service as 
stringers or sleepers. 

Saplings or brush may be wired into light 
bundles and used instead of logs for liaht 
corduroy. ^ b 

Plank Roads. Plank road constructions 
are shown in Figure 3-9. These are usually 


3-12 





























TEMPORARY ROADS 



Fl&otvup 3 ptV A W k. tc--G ,B 

(APP^t) 


L - iltfptf* *•%“ k t-tT n li" or -0" 
dy 

A 

| ,/T ^ 

B 

Fig. 3-9, Plank road 

more expensive than corduroy* but aie 
easier to lay and provide a smoother sur¬ 
face. Rain or mud may mate them very 
slippery so that sanding will be required - 
Nads should be driven diagonally from 
the sides of the tread planks, as In (B), to 
prevent them from working up and punc¬ 
turing tires. Even with this precaution, fre¬ 
quent inspections for nails and splinters 
should be made, [f the wood is hard, nails 
should be soaped or greased before driving. 
Splitting may be reduced by making thin 
pilot holes with an electric drill. 

Railroad Ties, Used railroad lies are 
often available in large quantities at cord- 
wood prices, or less. They can be used for 
roads and platforms, as well as for sup¬ 
ports, blocks* and braces. They are usually 
of hardwood, 834 feet long, and about 7" 
by 9*\ Longer ones, used under switches, 
are occasionally available. 


Heavy vehicles are seven, eight, or more 
feet wide, and cannot safely be used on a 
single row of standard ties. Several systems 
are used to obtain greater width* but none 
of them is entirely satisfactory, A center 
stringer Figure 3-10 (A)* of two logs se¬ 
curely fastened together permits using two 
rows of ties. Alternating side ties on a 
single center stringer makes a surface loo 
sketchy for normal use, but will serve as 
good support for plank treads. The slightly 
staggered construction shown in (B) pro¬ 
vides a wider surface than a straight row. 

Stone Walls. Sometimes a stone wall ex¬ 
tending into a swamp may be profitably 
used as a base for a road, ft may be 
wrecked and scattered over the desired 
width by hand labor or by a bulldozer. The 
dozer can advance a limited distance* push¬ 
ing and twisting the top stones to each 
side, and walking on them until the going 
gets too rough. It should then back out, 
some fill should be dumped, and the dozer 
push it into the hollows so that it can ad^ 
vance farther* The large stones* and the 




Fig. 3-SO. Railroad ties for truck road 
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MUD 


age of the structure, assure stability and 
large amounts of fill are saved. 

Surface Protection, A wet Soil with good 
toad bearing qualities which might be read¬ 
ily churned into mud* may be protected 
by a few inches of gravel, spread before 
traffic uses it. Two feet of broken rock 
with a skin of gravel may carry heavy traffic 
for a while over almost any mud. Brush 
mats or pole corduroy under the rock give 
added stability. Between these extremes is 
every type of condition and cure. 

Fill for mud coverage should be as dry 
as possible and possess good packing qual¬ 
ities. It should be put on in sufficient thick¬ 
ness so that truck tires will not reach 
through to mix it with the mud. It is 
strengthened by compacting with a roller, 
jeep, or empty truck before carrying loaded 
trucks. A layer of fine textured, hard pack¬ 
ing soil lopped with gravel is often satis¬ 
factory, but dean broken rock in coarse 
sizes up to one half the fill Thickness* is 
longest lasting. 

Flat stones should be placed on edge, 
whenever possible, so that they will not 
shift under load. Natural drainage must not 
be blocked. Iron or steel culvert pipe is 
most satisfactory on soft bottoms. 

SUPPORTS 

Swamp Surfaces. Most swamps are cov¬ 
ered with vegetation that gives them some 
surface stability. Wet swamp sod in which 
a man's feet will sink slightly* ordinarily 
will support a light crawler machine mov¬ 
ing steadily across it in a straight line or 
gradual curves. Crossing should be tried 
with caution, particularly if the unit has 
narrow tracks* or high grousers which tend 
to cut the sod, Sharp turns* if necessary; 
should be made in the firmest or best 
matted sections, or extra support should be 
provided. Bushes and close growing sap¬ 
lings which can be walked down by the 
machine, without cutting, provide excellent 
natural support. 


Although a shovel can be safely walked 
on quite soft ground, it cannot stand or 
work on it. If standing, its weight slowly 
displaces mud beneath it T and as that creeps 
away, the sod or crust left without support 
shears and breaks. This process is greatly 
accelerated by working, as the vibration, 
the variable load, and the twisting reaction 
to the swing all cause the machine to settle, 
particularly at the end where the loads are 
picked up. 

Platforms* If footing is too soft for 
safety, it can be improved in various ways. 
The safest and most satisfactory support 
is a set of platforms—also called pontoons, 
rafts, or mats. 

A revolving shovel can work on very 
soft ground when supported by a set of 
platforms. They usually consist of wood 
platforms upon which the shovel can stand, 
provided with side rings or loops or cross 
cables, by means of which they can be 
picked up by a chain across the shove! 
bucket, or directly by the bucket teeth. 
Platforms should be trucked as near the 
job as possible, then dragged to it by a 
tractor or the shovel, or carried by the 
shovel 

To walk a shove! across an open swamp 
on platforms, pick up two or more of them 
and lay them on the mud, as shown in Fig¬ 
ure 3-H (A). Move the shovel to the front 
of these, then pick up the remaining plat¬ 
forms and lay them ahead of the shovel as 
in (BK The minimum number to be used 
is three—-tw r o to stand on and one to move. 
Four are safer and easier to use, and the 
maximum is the number the shovel can 
reach when they are laid in a line behind it r 
Most draglines use three or four on small 
jobs, and four to six on large ones. 

The shovel then walks to the front of the 
platforms, (C), and picks up those behind 
it, starting at the rearmost* and lays them 
in a line in front of itself. In (D) f the plat¬ 
forms are laid in a curve to avoid a rock. 
(E) to (G) show patterns for laying them 
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Fig. 3-11. Platforms 

in sharp curves, These should be avoided 
where possible, as the turning of the shovel 
has a destructive grinding action, and over¬ 
lapping the platforms causes severe strains, 
particularly if they are equipped with side 
rails, 

Shovel Rigs. Techniques of working 
from platforms vary with the type of 
shovel attachment being used. The most 
efficient swamp worker is the dragline. Its 
long reach enables it to keep well away 
from the hole it is digging, and to pile spoil 
far enough away to reduce slumping back 
into the pit or against the shovel. The slid¬ 
ing action of the bucket during digging and 
hoisting reduces trouble with suction. 

A dragline ordinarily stands at the back 
of its line of platforms and digs at the rear 
or sides. When its work from one position 
is finished, it walks ahead one or more plat¬ 
form widths, then picks up the platforms 
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behind it. and swings and places them in 
the from; repeating this process as often as 
a move is required. 

A pull shovel is used in the same man¬ 
ner. It is not as well suited to mud work 
because of its shorter digging radius, and 
particularly because of its inability to pile 
the spoil well back, but it shares the drag¬ 
line's advantages of walking away from 
its work and sliding the bucket to break 
suction. A pull shovel is usually able to 
pick up platforms by means of a cross 
cable, by hooking the bucket teeth under 
It, which saves the dirty job of chaining 
them, 

A clamshell has almost as much reach as 
a dragline, and can work without dragging 
debris, such as roots, slumps, and boulders, 
up against the platforms and itself. How¬ 
ever, it has the severe handicap of pulling 
the bucket straight up, w'hich in sticky mud 
requires overcoming suction more resistant 
than the weight of the bucket and load. 
Digging is best done ofT the rear or sides of 
the platforms, but the ground ahead can 
be graded before placing the platforms. 

Dipper sticks arc seldom seen in 
swamps. They can do shallow digging and 
uprooting of stumps behind and at the sides 
of the platforms, but any serious digging 
must be done at the front, and there is 
limited to fairly narrow ditching in firm 
mud. The spoil must be dumped far 
enough to the side so that platforms can 
be placed across the ditch. Even with extra 
wide platforms, the weight is liable to cause 
the sides of the ditch to cave or flow in, 
and the footing for the platforms is not 
secure. 

The spaces between platforms will vary 
with the nature of the footing. For very soft 
conditions, they should be placed in con¬ 
tact with chains fastening them together, or 
even laid in two layers, as in Figure 3-! 2 
(A). 

For ordinarily soft or suspicious ground, 
the widest spacing allowed should he that 
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Fig. 3-12, Overlapping and spacing platforms 


which will enable the shovel to reach the 
next platform before its center of gravity 
reaches the edge of the one it is on, so that 
the shovel will not tip forward, as in (B), 
so much that the track will push the next 
platform instead of climbing on it. 

Blocking. Normally, a shovel can be 
worked on platforms without blocking. 
There is always a risk, however, that a 
dragline, or particularly a pull shovel, will 
unexpectedly hook into something solid 
and drag itself off the platform before the 
operator realizes what has happened, If 
the platforms arc slippery with mud or ice, 
this danger is greatly increased, and the 
machine is also likely to slide sideways in 
reaction from swinging. 

If the platform is the spaced plank type, 
an effective block can be made of a wood 
wedge fastened to a stub of plank that fits 
between the platform planks. The wedge 


changes most of the forward thrust of the 
shovel into a downward one against the 
platform, and the plank anchor should hold 
it in place. One of these should be placed 
in from of each track. 

On a solid platform, wood wedges 
chained to the platform, as shown in Figure 
3-13 (A), are effective. For side protec¬ 
tion, plank rails, permanently bolted to the 
side edges, or held there with pins, as 
shown in (B), arc usually adequate. 

Chaining (o Platforms. For extreme con¬ 
ditions, the shovel may be chained to the 
platforms. There arc many ways to do this, 
of which one sample is shown in Figure 
3-14, The platforms have a cable loop at 
each corner, by some of which the two 
platforms are chained together. To the 
outer comers of the truck frames are 
welded brackets holding rings or hooks. 
Chains are fastened to these and to the 
corresponding outer comer loops of the 
platforms, and arc drawn up taut with 
chain tighteners in the rear. The lightness 
is important, as the momentum of a sliding 
shovel wilt break chains or tear out loops 
which would hold against a direct pull. 

All accessories, such as blocks, rails, 
chains, and tighteners that are to be used 
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Fig. 3-14. Chaining to platforms 


in mud, should be kept painted some bril¬ 
liant color (not green). They are very 
easily lost and dug under, particularly if 
some emergency interrupts the routine of 
their use, and the bright color will greatly 
increase chances of salvage. 

Platforms can be used efficiently only in 
places whore the shovel has room to swim;. 
If trees prevent swinging they must be cut, 
or other methods used to support the 
shovel. 

Suction, Handling platforms or other ob¬ 
jects in mud is greatly impeded by the 
weight of mud dinging to them by atmos¬ 
pheric pressure, which is fell as a suction. 
A platform 4Vz x 12 feet carries an at¬ 
mospheric pressure of over fifty tons. When 
air can flow under it freely, the pressure is 
upward as well as downward, and is not 
felt in lifting it. If air is scaled from the 
bottom by mud, then the lift of the shovel 
merely serves to reduce the weight of 
atmosphere and platform on the mud be¬ 
neath, causing mud at the edges which car¬ 
ries the full atmospheric load to squeeze 
in under it. A thin mud will flow quickly, 
a thick tenacious one may stretch but not 
flow and keep the air locked away from 
the bottom. 

If the suction is too strong to break by 
a direct lift on the whole platform, the pull 
should be concentrated on one side or one 
comer. If the mud seal is broken at one 
spot, it should shear off from the whole 
under surface. The platform might also be 
lifted and dragged at the same lime, Suction 
presents comparatively little resistance to 



Fig. 3-J5. Support by roots and poles 


sliding, and this motion greatly increases 
the shearing effect on the mud seal. Un¬ 
fortunately, a dragline is apt to make a pile 
of mud and debris which would prevent 
the platform from sliding forward, and the 
lattice boom is apt to twist or collapse if 
subjected to heavy side strain. 

A method of releasing is to catch the 
forward edge with the bucket teeth and 
hoist while pulling back enough to keep 
hooked. 

Remt \la|s. Trees growing closely in 
swamps usually form a mat of interlocked 
roots that will support crawler equipment, 
but will give it a rough trip. Openings may 
occur where the roots are lucking, which 
may be crossed by means of green saplings 
laid across the path of the" machine, as 
indicated in Figure 3-15, If it is necessary 
to remove trees to give the shove! space to 
get through, they should be cut as closely 
to the ground as is possible, as the shovel 
might sink while going over the stump and 
get hung up on it. Logs laid on each side 
of the stumps across the line of travel arc 
protection against this. 

In a swamp studded with stumps, or 
rock, platforms break up very readily. The 
spaced plank type, which is generally pre¬ 
ferred because of light weight and reduced 
suction, will break if used across a stump 
or heavy buttress root, and the heavier types 
will strain and splinter. Some operators 
prefer to pull the stumps before walking 
over the spot, thus exchanging the plat¬ 
form-breaking obstacles for a wet and un¬ 
certain footing. 
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It is dangerous to move a machine onto 
platforms which are placed with one side 
on firm ground and the other side in loose 
mud, The mud side may sink enough to 
cause the shovel to slide to that end and 
tip over. The soft side may be braced with 
platforms or logs* or the firm side can be 
ripped up* before placing the platforms, 

Poles, A shovel may be walked and 
worked on fairly soft footing by the use ol 
saplings instead of platforms. These should 
be of firm wood* preferably green, two to 
ten inches in diameter, and long enough 
to project two or more feet beyond the 
tracks on each side. They should be laid 
across the path of the shovel, widely spaced 
on fairly safe ground, a foot or two apart 
on soft. An extra precaution is to place 
outrigger poles under their ends, parallel 
to and outside of the machine's path. When 
the shovel has passed over the poles, they 
may be retrieved and used again, but the 
mortality rate is usually high, particularly 
among soft woods. 

When the shovel is working, it will often 
be found that a pole or two under the 
front, or where the lifting of the load is 
done, will suffice to support it. With worse 
conditions, more cross poles and outrigger 
poles should be used. 

If long poles are not available, short 
ones may be used* centered under each 
track, but they are not nearly as satisfac¬ 
tory. There is a danger that they might 
lip under the shovel and jam into the 
machinery. 

WET DIGGING 

In any extensive wet digging* draining or 
surface pumping is liable to leave a sheet 
of at least a few inches of water on the 
bottom. This is a convenience in establish¬ 
ing a hat bottom grade, but, unless special 
precautions are taken, large quantities of 
water will be dug out along with the soil. 

This water may run directly back into 
the hole, in which case the time and fuel 


used in lifting it is wasted. If it mixes with 
soil* either in the bucket or in the pile* it 
will tend to liquefy at so that the spoil will 
not stand in the high, steep sided piles which 
afford maximum dragline production with 
each stand. Piles with high water content 
are subject to Rowing or slumping while 
being built, and may move back into the 
excavation afterward. 

The spoil may come out as soft mud 
even if no separate water is included, but 
mixing of water will make it more sloppy. 

Compartments. Shallow bottom water 
may be largely kept out of the bucket by 
compartment digging, as illustrated in Fig¬ 
ure 3-16. A ridge is left between the dig¬ 
ging and the water until bottom grade Is 
reached. The ridge is then dug out and 
water allowed to Row in. Some mud will 
be washed onto the digging surface by in¬ 
flowing water and by the removal of the 
ridge. Compartments may be large or 
small. 

This method gives water-free digging for 
the bulk of the excavation, and can be 
used, with diminishing efficiency, in in¬ 
creasing depths of water, but not when the 
whole digging area is under water, as in 
deepening an undrained pond. 

If little surface water is present, but 
ground water drains into the excavation 
rapidly enough to be a nuisance, digging 
can be in two or more compartments. First, 
the whole area k dug in layers until it gets 
sloppy, after which the digging is concen¬ 
trated in one spot until most of the water 
Hows into the hole made. An adjoining 
area, separated by a ridge t is then dug 
deeper and the ridge cut. 

The water will now How into the deeper 
hole, leaving the first one nearly dry and 
ready to be deepened in its turn. This al¬ 
ternation of digging spots can be continued 
to the bottom of the cut. If the area k too 
large to be dug in this manner, the water 
can be concentrated in gouges dug behind 
the regular layer cut. 
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Fig. 3-16. Compartment digging 


Spoil. If enough dry or stiff dirt can be 
dug to build a dike along the excavation 
edge of the proposed spoil pile, as in Figure 
3*17. il will prevent mud behind it from 
Rowing into the hole. There is usually am¬ 
ple space behind the pile so that the mud 
which moves in that direction makes place 
for more in the pile, and increases the 
amount of digging that can be done from 
one stand. The effectiveness of the dike 
will of course depend on the quantity and 
type of dirt available for it. 

If the dirt is being loaded in trucks, an 
effort should be made to get dry material 
on the bottom to reduce trouble with the 
toad sticking in the body. 

Cable Excavators, Most excavating in 
swamps and mud is done by revolving 
shovels with dragline attachments. How¬ 
ever, when the dug material is to be moved 
a great distance, or the amount is very 
large, cable excavators may be used. Since 
they can be anchored on one side of the 
swamp and operated from the other, they 
eliminate many of the difficulties and dan¬ 
gers of swamp digging. However, the work 
involved in setting them up and moving 
them, and the need for other equipment 
to remove the spoil from the lower foot, 
discourages their use except for large or 
long term operations, or where the digging 
cannot be done by any other available 
equipment. 

Bulldozers. Bulldozers are not suited to 
mud excavation since they cannot work 


efficiently on artificial supports. However, 
they can skim shallow layers of mud off 
hardpan and dig cautiously in muds com¬ 
pact enough to give them some traction. 
In skimming work, it is usually best to 
start at one side of the mud area and make 
a pass removing the mud cleanly. Each 
successive pass should be to full depth and 
cut just enough into the side of the muck 
to fill the blade, without allowing it to 
slop off the other side of the blade into the 
cleared area. The mud should be pushed 
far back as the dozer cannot climb up on il 
to make high piles, and there is danger of 
its flowing back into the hole. 

Wide gauge dozers are preferred, as they 
usually have wider track shoes for greater 
flotation, their weight is spread over a 
larger area, and they turn more readily on 
poor footing. 

Cleats. Smooth or semi-grouser tracks 
are unsatisfactory as they have little traction 
on wet slippery surfaces. In general, tracks 



Fig. 3-17. Dike method of piling mud 
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with new and high grousers are better than 
those which are worn and rounded. How¬ 
ever, such grousers on loose soil will dig in 
very rapidly, and many muds will pact in 
between them to make a new smooth surface 
even with their edges so that they become 
ineffective. 

The best solution for straight mud work 
where rocks or very hard subsoils are 
not involved is to use flat shoes, with high 
grousers bolted on every fourth to sixth 
one. This should put two cleats on each 
track under the machine at all times, and 
will give a good grip which will not clog. 

A similar effect can be obtained by 
building up some of the cleats on a set of 
standard track shoes, or replacing some 
shoes of a worn set with new ones, 

A machine with cleats of variable lengths 
is likely to be almost incapable of working 
or traveling on hard ground. 

Dragline Road Cut, A permanent road 
should not be built over unstable mud un¬ 
less absolutely necessary. Such muds, par¬ 
ticularly if rich in organic matter, will grad¬ 
ually be compressed and displaced by the 
weight of the road, allowing it to sink 
unevenly. The mud should therefore be re¬ 
moved down to firm bottom and replaced 
with dean fill if possible. If it is too deep, 
or otherwise too difficult to move, measures 
must be taken to stabilize it. 

Shallow mud may be removed by a drag¬ 
line working just ahead of the fill, and pil¬ 
ing it to the side. The rate at which the mud 
pushes back into the hole determines how 
far ahead the dragline can be operated. A 
foot or two of mud liquefied by the mixing 
action of the shovel bucket is usually 
pushed out by the weight of the fill, but 
sliding in of the banks must be avoided. 

Surface water should be diverted and 
sufficient pumps used to keep the hole 
fairly dry. This enables the dragline opera¬ 
tor to see to dean the mud out thoroughly 
without unnecessary digging of firm soil, 
and will prevent the fill from being turned 
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Fig. 3-18. Tables for mud blasting 

to mud as it slides down the front of the 
slope. If the fill is too wide for the drag¬ 
line to clear, it may be built out in sections. 

MUD BLASTING FOR 

FILL SETTLEMENT 

If the mud is too deep for available drag¬ 
lines to handle, or if it slumps into the ex¬ 
cavation before fill can be placed, or if 
there is no adequate equipment to keep 
the water out, blasting may be resorted to. 

Mud is easily blasted out of a limited 
area and spreads in a thin film over the 
landscape, leaving no heaps to dispose of. 
If a nitroglycerin or other sensitive dyna¬ 
mite is used, the concussion from one ex¬ 
plosion may detonate other charges of 
dynamite in the mud nearby, without the 
necessity of using additional caps. The 
process, called propagation, greatly simpli¬ 
fies mud blasting. 

There are three principal techniques: 
One is to blast a ditch along the right of 
way then dump fill in it. Another is to 
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Fig. 3-19. Loading for ditch blast 


build the road, or a section of it, on lop 
of the swamp and blast the muck from 
under it. The third, toe-shooting, consists 
of making a big heap of fill and blasting 
the mud ahead and to the sides from under 
that. 

Ditch Shooting. The tables in Figure 3- 
I& give average loading requirements for 
various types of open ditch blasts. Figure 
3-19 shows how to load for rather narrow 
ditches, which are used chiefly for drainage, 
or to make possible placing of an earth dike 
to cut off movement of water or mud. It 
will be noted that the nature of the mud 
is very important in determining the size 
ditch which will be obtained from a given 
charge. 

It should also be remembered that water 
counts as soil in loading calculations. 


Blasting techniques for wider ditches, 
which are used to remove muck to secure 
a firmer base lor road fills, are indicated in 



Fig. 3-20. Cross-sect ion loading 
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Fig, 3-21, Post hole and relief loading 

Figures 3-20 and 3-21, which show the 
cross section and relief methods. 

The charges should be 50% or 60% 
straight dynamite, at least 4" below the 
surface, and covered with mud or water. 
The blasting cap should be in a stick of 
dynamite at or near the center of the group 
to be blasted, and with the loads and 
distances shown in the illustrations, should 
detonate them all. 

However, if the structure of the muck 
changes between holes, it may shear, and 
direct the force of the concussion upward 
or to the side, and charges beyond that 
point will not explode. In this case, one 
of the remaining charges should be lifted 
and primed with a cap, or an additional 
primed stick should be placed and deto¬ 
nated. 


If many reprimings are necessary, it may 
be better to put a cap in each hole and 
explode them simultaneously by electricity, 
As a great many caps are generally used in 
a single blast of this type, a powerful jolt 
of electricity is needed. 

it is not usually necessary to remove 
stumps and brush from an area to be 
ditched by explosives, but trees should be 
cut and the trunks removed if possible. 
Extra charges should be placed under 
stumps, and an effort should be made to 
get them to throw toward the nearest edge 
of the ditch. If the stumps are so heavy or 
so numerous that they prevent accurate 
ditch work, they may be removed first by 
draglines, winches, or other machinery, 
peril a ps with some blasting to loosen them 
up. 

The dynamite will probably not remove 
all the mud down to hnrdpan, but it may 
liquefy most or all of that which remains, 
so that the fresh fill will sink through it 
to firm bottom. 

Lnderfll] Shouting. Figure 3-22 shows 
the second method. Brush, stumps, logs, 
and other debris are removed from the 
right of way, and any heavy sod or brush 
broken up by machinery or light blasting. 
Fill is placed in an amount calculated to 
reach from firm bottom up to the desired 
road grade, Charges are placed in the mud 
in casings driven through the fill. Shooting 
is by Primacord. or by caps in each hole, 
rather than by propagation, 

1 he mud explosion is confined by the 
mass of fill above, and should blow out 
the sides, driving out most of the mud and 
liquefying the remainder so that the fill 
will sink to hardpan. 

If the fill is clay or other compact ma¬ 
terial that might tend to bridge over the 
blasted cavity instead of settling in it; or 
if the weight is not considered to be suffi¬ 
cient to resist the explosion, deep ditches 
may be blasted on each side of the fill 
after it has been placed and the charge 
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Fig, 3-22. Bottom shoaling 

set o(T under it afterward. Blasting these 
relief ditches makes it much easier for the 
explosion to drive the mud from under the 
HI!, but it also puts a thick layer of muck 
on top of it, which must be bladed off. 

The charges under the fill must be so 
placed that there will be no danger of them 
going off by propagation. 30 or 40 per cent 
gelatin is recommended. 

Toe Shooting. Toe shooting is illustrated 
in Figure 3-23. This is the second method 
—fill, then blast—done in such short sec¬ 
tions that the muck will be driven out to 
the front as well as to the sides, It has the 
advantage of allowing the blaster to have 
frequent checks on the efficiency of his 
work, so that techniques of loading or fill¬ 
ing may be altered readily. A disadvantage 
is that the muck blown ahead sometimes 
piles up In a large hill or wave of mud, 
making continually larger charges neces¬ 
sary to move it* This tendency may be re¬ 



Fig, 3-23. Toe shooting 

duced by making the fill with a V-shaped 
front so that most of the material will be 
thrown to the sides. The mud wave may 
be blasted away in separate operations, but 
part of it will then have to be cleaned off 
the fill. 

Toe shooting is an excellent method to 
widen fills, the extra material being piled on 
the sides and a single line of charges set 
off in the mud underneath. 

Placing Explosives. Shallow placement 
of explosives in mud may be made by push¬ 
ing them down with a stick, or first punch¬ 
ing a hole with a crowbar, then using the 
stick. For deeper work the apparatus shown 
in Figure 3-24 is effective. A plain piece 
of iron pipe of the necessary length is used 
for a casing, and a round wood pole or a 
plugged iron pipe making a loose fit serves 
as a core. The core is set in an iron handle 
larger than the casing and long enough for 
a good two-handed grip. 
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The core is placed in the casing and the 
two pushed or hammered down into the 
mud by means of the handle. The core is 
withdrawn, the casing being held down if 
necessary by a foot on a bump welded or 
the side. The charge may then be dropped 
down in the casing, or pushed down by 
a long wood tamping stick, the same di¬ 
ameter as the core. This stick is used to 
hold the charge down while the casing is 
pulled out. Difficulties experienced will in* 
crease with the size and length of the pipe, 
and it may be necessary to use chain jacks 
or hoists to pull the casing. 

Space permits only this brief summary' of 
mud blasting techniques. Further informa¬ 
tion may be obtained in other parts of this 
volume, and from various books and bulle¬ 
tins dealing with explosives, but it is ad¬ 
visable to have an experienced mud blaster 
on any important job. 

Results. A fault of all mud removal tech¬ 
niques mentioned is that they require plac¬ 
ing a considerable depth of fill in a single 


layer so that it cannot be properly com¬ 
pacted; or the fill is shaken up by blasting 
and sinking after being placed. This is lia¬ 
ble to cause uneven settlement, and in ad¬ 
dition there is the danger of pockets or 
layers of muck getting included in the fill, 
due to miscalculation, or partial failure of 
blasts, or rapid slumping after excavation. 
However, the stability of the fill will always 
be greater than if it were simply laid on 
lop of the swamp. 

STABILIZATION 

Dewatering, Ore method offers stability 
equal to that obtained in normal, dry fills, 
but at high cost. The right of way can be 
dried up by draining, or well point or sump 
pumping, as described under Ditching and 
Drainage, then excavated to firm bottom 
with machinery. Fill may then be built up 
to road grade in thin, thoroughly com¬ 
pacted layers and with properly sloped 
sides. When it is complete, pumping may 
be discontinued and Lhe muck allowed to 
settle back against (he slopes. 

Removal of muck in any way is expen¬ 
sive work, except in the rare cases where 
it can be sold locally for humus. The ex¬ 
pense increases very rapidly with depth, 
and a point will be reached where it is good 
practice to stabilize the mud rather than 
remove it. This is particularly true if the 
area involved is wide, or conditions do not 
permit side casting or blasting. 

Sard Drains, Muck can be stabilized if 
enough water can be squeezed out of it to 
convert it from a semi-liquid into a solid. 
The weight of a heavy road fill has a 
squeezing effect, but the mud and water 
flow together and very little compaction is 
obtained for a long time, 

Vertical sand drains may be used to dry 
up the mud so that it will support a load. 
They consist of columns of sand extending 
from hard bottom to the top of the mud, 
and connected at the top to each other, and 
to an outlet hy a sheet of sand or gravel. 
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or other drainage systems. They are dis¬ 
cussed in Chapter 5. 

Chemical Si If digging is done in a water 
bearing sand or gravel, very soft conditions 
and extensive caving of banks may be ex¬ 
perienced. This difficulty may be avoided 
by drying the area with well points, or by 
other methods described in Chapter 5, but 
if the inflow of water is very large, or the 
excavation must be opened for an extended 
period, it may be more economical to wall 
off the water by use of chemicals, 

[f sufficient cement grout is pumped into 
a porous soil, it will displace the water, and 
when it hardens, will block the spaces 
which the water occupied. The success of 
this work depends on the nature of the soil 
and the skill of the grouting crew. 
Grouting is best done before digging, or 
after allowing the excavation to fill to the 
ground water level, as this will prevent 
heavy losses of grout in flowing water, and 
permit use of a thin mixture with good 
penetrating qualities. 

Methods of injecting the grout are dis¬ 
cussed in Chapter 6. 

Other chemicals may be used to harden 
soils too fine grained to respond well to 
grout* but these, and the methods of using 
them, are now largely experimental, or are 
unsuitable for application by unskilled per¬ 
sonnel. 

Freezing. Any soil in which pipes may 
be sunk can be stabilized by freezing, but 
the presence of salt, or certain other chemi¬ 
cals, may make it difficult. 

It is accomplished by sinking a number 
of metal pipes, rather closely spaced, in 
the area to be stabilized. Tubing containing 
a refrigerant, usually ammonia, is placed 
in these pipes and connected to heavy-duty 
refrigerating apparatus. The soil water will 
freeze most rapidly if it is stagnant, but 
even a steady flow can be checked. 

This is an expensive job, mostly confined 
to very fine grained mud, or deep work 
which docs not respond to well points. 


FILLS 

Compaction. In fresh fills the most seri¬ 
ous mud difficulties are due to improper 
compaction. Here it is sufficient to say ex¬ 
cellent compaction may be obtained if a 
fill is made in layers six to eighteen inches 
in depth t and each layer is thoroughly 
rolled or tamped in all parts. If rollers are 
not available, trucks may be used, first 
empty and then loaded. Such a fill usually 
will be incapable of absorbing enough wa¬ 
ter to turn to deep mud. The extra expense 
and nuisance of making a fill In this man¬ 
ner, when specifications do not call for it, 
may be regarded as an insurance premium 
against the loss of having to stop a job for 
days or weeks because of a soft dump. The 
expense may be not only the extra dozing 
required to spread, and the roller or ma¬ 
chine time to compact, but the fact that 
from 10 to 40 per cent more material 
might be required io fill the same hole. 

Under many conditions, such as stumps 
and boulders in fill, rough or liquid original 
grade, poor access or insufficient machin¬ 
ery, deep single layer fills are unavoidable. 
If the top is properly compacted by rollers 
or traffic it may suffice to shed rain water, 
and to resist water soaking up from below. 
Areas receiving no compaction except from 
grading of the fill by a light-footed dozer, 
arc liable to soak water up like a sponge, 
and be a hopeless quagmire for a w hile, and 
also tend lo wet and soften surface com¬ 
pacted areas. 

Clay* Clay fills are liable to become soft 
and slippery during rain. The wet surface 
may be bulldozed off and replaced with 
dry material, or the dry material may be 
dumped over the mud in sufficient quantity 
to carry traffic over it, and be removed la¬ 
ter. If rain is anticipated, the original fill 
may be left low to leave room to cover it. 

If fill is coming from two or more 
sources, it is sometimes possible to keep the 
day in lower parts of the fill and better 
material on the top. 
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Area Dumping. If trucked soil 15 too 
wet to be stabilized and will not support 
trucks after being spread, and If the ground 
(or lower layer of the fill) is passable to 
trucks, area dumping may be resorted to. 
A calculation h made of the amount of 
fill needed in a given area, and the amount 
of each incoming load. Allowance must 
be made for shrinkage of the soil upon dry¬ 
ing and after compaction, and the number 
of loads required in such an area may be 
found by dividing the cubic yards required 
by the corrected yardage of a truckload. 

The trucks may then dump their loads 
in piles which can be loft to dry, then be 
spread and compacted. The easiest way to 
figure pile spacing is from center to center. 

If more material is needed than can be 
left by dumping piles, higher bodied trucks 
may be hired, or a bulldozer employed to 
push the newest piles into and over the 
older ones. 

Fill dumped in this manner is seldom in 
just the right quantity in the right place, 
but it can be shifted around during the 
grading process. 

Buried Mud* If it is impossible to truck 
in the area to be filled, the mud must be 
covered as it b dumped with a layer of 
dry fill, gravel, or rock sufficient to support 
the trucks. Sometimes the mud will support 
a bulldozer which can roughly grade the 
soft till The dry surfacing is advanced 
close behind the face of the niud fill, trucks 
dump the mud at its edge, and the dozer 
pushes it over the face, digging down sufii- 
ciendy to allow placement of more surfac¬ 
ing, See Figure 3-25. 



Fig. 3-25 Two-layer fill 


In such mud work, it is advisable to 
have at least two dozers, so that the one 
working in mud can be promptly rescued 
if stuck, Under extreme conditions two 
dozers may be attached to each other, back 
to back, by a chain or cable. As one of 
them pushes mud toward the face, the other 
backs up toward it, keeping the line slack. 
When the pusher backs up. the other one 
pulls it to firm fooling. The helper cat need 
not have a dozer, and preferably should 
be larger than the one doing the work. 
Wide tracks are a big asset in mud. 


STUCK MACHINERY 


The next problem to consider is how to 
rescue machinery that has sunk so far into 
mud that it cannot move under its own 
power. The easiest and most attractive 
method is to stretch a chain or cable to 


some power source and pull it out. Often 
there is no such power available, but if 
there is it should be used with caution. If 
the stuck machine has not sunk, but has 
simply lost traction on a slippery surface. 
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Pig. 3-26. Dumping on a side slope 


power can usually be applied without dam¬ 
age. However, if it is in badly, use of moder¬ 
ate power may be useless, and too much 
power may pull it apart. 

TRUCKS 

Dump trucks arc probably the most fre¬ 
quently stuck type of equipment. If one 
is loaded, it may be possible and desirable 
to dump the load, after which the truck 
may pull out under its own power. But if 
the truck is lipped sideways, as with one 
pair of rear wheels bogged down, the other 
resting on the surface, the raising of the 
load preparatory to dumping increases the 
sideward strain, and may overturn the truck 
or (ear the body off its base. A winch cable 
attached to the front lop of the body on 
the high side, and pulling uphill, may per¬ 
mit dumping of a tipped truck, but even 
with skillful operation, the strain on the 
body is considerable. Unloading by hand, 
or partial unloading by power shovel, may 
be necessary. 

A shovel is a highly effective rescuer of 
bogged trucks. A dipper bucket may be 
placed under the rear of the frame (or, 
with some risk of damage, under the rear 
of the body) and lift and push at the same 
time. Other shovel attachments may have 
the bucket chained to the truck to tifi or 
drag it, or the shovel may be used as a 
tractor for a horizontal pull. Hand digging 


is rarely necessary if a shovel is available. 
Pull-type shovel rigs can remove most of 
the load but cannot push very effectively. 

Digging Out. If the truck cannot be 
dumped, or has been dumped and is still 
stuck, and no power shovel is at hand, the 
next procedure is to dig out the wheels 
in the direction toward which it is hoped to 
move. Two-wheel drive trucks have best 
traction going forward, and in many situa¬ 
tions. such as sinking in a soft shoulder, an 
attempt to back out will cause the front 
wheels to get in worse difficulties. Any 
digging helps, but the best procedure is to 
go to the bottom of all tires, make a ramp 
up to the surface with a length of three or 
more feet to every foot of depth, and put 
a board or boards on this slope, with the 
lower end against or under the tire. If 
boards arc not available, matted brush. 



Fig, 3-27. Digging out of a mud hole 
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Fig. 3-28, Too much power 


stones, gravel, or anything but mud may be 
used. If the axles or frame are resting on 
the ground, an attempt should be made to 
free them, but this is often not possible. 

Even if this digging docs not enable the 
truck to get itself out, it makes it much 
easier for a light machine to puli it, and 
it greatly reduces the danger of damage if 
pulled by a large machine. 

Breakage. Applying brute force to pull¬ 
ing a deeply bogged truck may result in 
getting it out minus its rear axle assembly 
and wheels, a partial victory that brings 
little satisfaction, tn most trucks the rear 
axle is attached to the frame only by die 
spring shackles and propeller shaft. ‘ 

Lesser and more common damages are 
tearing of of bumpers and bending of front 
axles. Many trucks have no satisfactory pull 
points on the front end. The bumper should 
be used only at the fastening to the frame. 
If it is necessary to use the axle, the line 
should be attached as close to a spring as 
possible, and care should be used to pre¬ 
vent it from catching any pan of the steer¬ 
ing when tightened, or when the wheels are 
turned. 

Pull Line. The most generally effective 
device for extricating bogged machinery is 
a winch. It may be mounted on and pow¬ 
ered by a tractor or a truck, or be a porta¬ 
ble affair. A power winch may have 200 
or more feet of cable which enables it to 
reach a long way from firm ground, or on 
shorter pulls, to multiply its power many 
times by means of pulleys and anchors. The 
procedure for rigging and operating the 


winch is the same as that described under 
stump pulling in Chapter 1, The use of 
multiple lines is often advisable, even when 
the machine may be de-bogged by direct 
pull, as the slower speed is less liable to 
cause damage. Hand winches arc slow and 
laborious to wind in, but are powerful and 
can be used in places inaccessible to larger 
machines. 

Where possible, it is best to pull the 
truck straight out with die truck wheels 
driving. If it is necessary to pull at an 
angle, the truck should be steered toward 
the pull. 

A cable or chain may be stretched from 
the stuck truck to another truck or a tractor, 
with or without pulleys, and a traction pull 
used. Care should be exercised not to use 
too short a line and get the assisting ma¬ 
chine stuck also. 

Push. A bulldozer equipped tractor can 
get behind it to lift and shove at the 
same time, but a man should be stationed 
to put poles in front of it as it moves so 
that jt will not get stuck in the hole the 
truck leaves. 

Body Hoist. A dump body usually ex¬ 
tends a short distance behind its hin°e, so 
that when the body is raised the rear edge 
of it goes down a few inches. Advantage 
may be taken of this feature by chaining 
the axle tightly to the frame, perhaps ijf t - 
'ng it first by chaining it to the front of 
the body and hoisting; placing a plank on 
the ground under the rear of the body, and 
fitting a stout log between plank and’hody 
If the body can be raised, the rear edge 
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will push down against the log to lift the 
frame, and through the chain, the axle and 
wheels. Axle or wheels can then be blocked 
up, the body lowered, and the log shimmed 
up to meet the body at its new height, and 
the process repeated until the wheels are 
high enough so that a support or ramp can 
be put under them. See Figure 3-29. 

Jacking, If a heavy jack is available, the 
axle may be chained to the frame, the 
jack placed on a plank or other support, 
and frame and wheels raised and blocked 
in the same manner as when the body lift 
is used. If it is not possible to chain the 
axle to the frame first raise the frame with 
jack or body hoist, then jack the wheels up 
with a light jack based on a board and 
placed under the wheel rim or hub. 

Wheel Tractors. A wheel tractor in mud 
presents a problem similar to that of the 
[ruck, except that because of the large size 
of the rear wheels, and the solid fastening 
of rear axle housing to transmission, there 
is less danger of pulling it apart. If the 
tractor is equipped with a loader, the 
bucket may be chained or weighted down 
so that the lift will raise the rear wheels out 
of the mud. Supports should be placed 
under the front of the tracks so that they 
will not sink instead, 

Jf a truck or wheel tractor is stuck more 
because of slipper)' surface than sinking, 
tire chains, short chains threaded through 
wheel openings, or rope or rags lied around 
the tires will help to give traction. 

Wheeled vehicles do best in mud or 
sand with large tires, or standard tires with 
reduced pressure. Truck tires break down 
rapidly if under-inflated, but tractor tires 
usually have thin flexible sidewalls and 
operate at such low speeds that they can 
run soft for considerable periods before 
being damaged. However, they may slip 
on the rim and tear out their valve stem 
if too soft. 

Churning* A very important item in the 
sticking of vehicles is to know when to 



stop struggling. Often a minor tow job is 
changed into a major project by a driver 
continuing to spin his wheels and buck 
back and forth until he has sunk his vehicle 
completely. In rescue work, the strongest 
measures available should be applied early, 
as every attempt that fails is likely to make 
the job more difficult, and danger of dam¬ 
age to the sunk vehicle more severe. 

CRAWLER TRACTORS 

Crawler machines do not bog down as 
readily as wheeled ones, but can do an 
even more thorough job of it. 

A crawler tractor may sink in mud too 
soft to support jt p or it may dig itself in 
while pulling a load, or both. If the tracks 
are allowed to spin, the grousers act like 
buckets on a ditcher, digging soil from un¬ 
derneath and piling it behind. On soft 
ground they can work down rapidly this 
way, until the frame parts of the tractor are 
resting on the ground, or on a stump or 
other object its normal clearance would 
have taken it over. When the weight of 
the tractor rests thus on the frame, the 
tracks chum helplessly in air or loose mud. 

Pulling Out* If outside power is avail¬ 
able. the machine may be pulled out by a 
line attached to its drawbar, front pull 
hook, or other hold. It should be pulled 
straight forward or backward, if possible, 
with its own power being used also. The 
drawbar, or a bulldozer blade, can sustain 
a terrific pull without damage to itself or 
the tractor, but front pull hooks should be 
used with caution. They are usually bolted 
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Fig. 3-30, Walking out on cross poles 


to the crankcase guard, which may be at¬ 
tached only through the flywheel housing 
to the rest of the tractor, A heavy pull on 
such a hook, particularly at an angle, is 
liable to break the flywheel bousing and 
pull the engine out of the tractor. Some¬ 
times the housing will partly break as the 
tractor comes out of the mud, vibration 
and rough rooting will cause the break to 
expand, and the clutch will Tail or the 
engine fall out of the tractor days or weeks 
later, to the bewilderment of everyone 
concerned. 

Poling Oul. If no outside power is avail¬ 
able, and the stuck cat has no dozer, winch, 
or other helpful equipment, the first thing 




Fig. 3-31, Climbing a cable ramp 

to try is digging a shallow ditch in front 
of {or behind) the tracks, a fool or two 
wider than the tractor. In this put a green 
sapling or strong board as long as the 
ditch r pressing or wedging it tightly against 
the tracks, which should then be turned 
slowly so as to pull the stick underneath. 
When it is well under, press in another 
stick, and perhaps more. Their effect will 
be to lift the tractor and restore the weight 
to the tracks, provide a wide base for sup- 
prt and traction, and to cut off or uproot 
obstacles under the tractor. They are al¬ 
most certain to get the machine out if it 
will pull them under. 

II the tractor has flat shoes or grousers 
that will not grip the size of pole available, 
and no boti-on cleats can be obtained, or 
if there is an aversion to digging ditches, 
planks or heavy angle irons may be drilled 
and bolted to track shoes on both sides. 
I he effect is then positive, but it is very 
necessary to unbolt and remove them as 
they come up at the olher end. Poles or logs 
may be fastened to the shoes by loops of 
cable and used in the same manner. Short 
slicks should not be used unless absolutely 
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necessary, as they do not afford nearly as 
much lift or traction as long ones, and they 
are liable to turn underneath and jam 
things. 

These stratagems are equally effective at 
moving the tractor forward or backward, 
but reverse gear often has less power than 
low, and backward movement under diffi¬ 
cult conditions is a severe strain on the 
tracks. 

Cable Ramps. Another system is to 
fasten a cable to each track, or the two 
ends of a single cable to the tracks, per¬ 
haps by passing it from the outside through 
a hole in the shoe, and catching it inside 
with a loop and clamps. These cables should 
be stretched parallel or nearly so straight 
ahead of the machine to anchors of some 
son. When the tracks are turned to move 
forward, they will advance on top of the 
cables, which will prevent them from spin¬ 
ning and provide a tightrope ramp on which 
they can climb. This technique should be 
used with caution in reverse as the strain 
on the track may break at. See Figure 3-31 

Chains may be bolted to the track and 
used instead of cables, but they aie much 
heavier for the same strength and are sel¬ 
dom long enough for the job. 

The tractor may also be jacked up on 
planks, in the same manner as a truck, and 
the hole filled in or bridged. 

Winching Out- If the tractor is equipped 
with a towing winch, the cable may be 
fastened to an anchor behind it, und the 
machine will come out of the mud as the 
cable winds in. This should be done with 
caution if the presence of a slump or large 
stone underneath is suspected, as it might 
force a track off, or do some other damage. 
Risk can be reduced by putting blocks be¬ 
hind the tracks so that it will move up as 
well as back, or by anchoring the cable 
at a height, as in a large tree. 

If the tractor is too badly bogged to turn* 
The only available anchor is not directly in 
line, and the winch is of a type that the 



Fig. 3-32. Changing angle of pull 


cable runs off the spool on an angle pull, 
run the cable out until it is slack then 
hold it with a crowbar or stick so that it 
reels on the side of the spool opposite to 
the direction of the anchor. When the pull 
begins, it will be off center and will have 
a tendency to turn the tractor in line with 
the anchor. If it docs not do this, it will 
wind onto the drum in a spiral, making 
one or more loops before reaching the 
edge on the anchor side, moving the tractor 
a short distance. The line can then be 
slacked and the procedure repeated. 

If the angle between tractor direction 
and anchor is too great, a second anchor 
must be used and a chain from that ad¬ 
justed to hold the cable in line. Use of a 
snatch or pulley block, as shown in Figure 
3“32 t will prevent damage to the cable 
from the chain hook. If alignment is satis¬ 
factory but the winch does not have enough 
power to de-bog the machine, a pulley may 
be chained to the anchor and the winch 
line passed around that and back to the 
tractor drawbar This will nearly double the 
pull. 

Dozer Down Pressure. If the tractor is 
equipped with a hydraulic bulldozer, but 
no winch, the blade should be raised; 
planks, poles or other floats placed, dug or 
driven under it, and down pressure applied 
to the blade. If the hydraulic system is in 
good condition, this will raise the front of 
the tracks dear of the mud, Poles may then 
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Fig- 3-33. Pulling dozer shovel out with bucket 

be forced udder the trucks, or the holes 
filled with rocks, and the tractor can walk 
out after raising the blade. If the dozer will 
not raise the tractor, and there is enough 
oil in the system, try' letting the machine 
cool ofl, as a worn pump will develop bet¬ 
ter pressure on thick, cold oil. If it still will 
not work, or if there is no time to wait, 
proceed as suggested for a plain tractor. 

Cable Dozer. If a tractor equipped with 
a cable bulldozer is stuck, and plenty of 
pulleys and extra cable arc available, the 
blade might be supported by a chain, and 
the control drum rigged to pull it out. The 
heavy pull of multiple lines should be 
through the drawbar or blade. 

Dozer Shovel. Dozer shovels equipped 
with flat or semi-grouser shoes get stuck 
easily in wet holes. A hydraulic dump 
bucket can be used to get one out by hold¬ 
ing it on the ground in the flat position, 
and dumping it at the same lime that the 
tractor tries to walk forward. The bucket 
edge grips the soil, and its backward move¬ 
ment "pulls the tractor. When the bucket 
reaches the fully dumped position, the trac¬ 
tor is held with its brakes, and the bucket 
raised and flattened for another pull. The 


ground under the bucket can be reinforced 
with poles, as in Figure 3-33. 

If the tractor must back to get out, the 
bucket is placed in the ground in dumped 
position and moved toward flat. The bucket 
can also be used in this manner to move 
a tractor which cannot walk because of a 
defective dutch or other breakdown which 
does not lock the tracks. 

The front of the tracks can be raised of! 
the ground by using down pressure with 
the bucket floor vertical, and supported by 
poles or blocks. The rear can be raised by 
shoring up the from and piling the bucket 
with heavy material. 

Hanging Up, Tractors are frequently 
hung up on stumps or rocks in the absence 
of any mud at all, usually through digging 
in the tracks while moving a heavy load. 
The first warning is liable to be a failure 
of the tractor to keep its direction or to 
steer. The tractor should be stopped im¬ 
mediately and the situation checked over. If 
the stump (or rock) is under the crankcase 
guard or other smooth surface, the tractor 
may escape by backing or turning, or by 
climbing a rock or a stick placed under one 
track. If the obstacle has wedged into a 
hole or raised section, large rocks or logs 
under the tracks, or even jacking, may be 
required to get free. 

A crawler tractor may also be hung up 
by walking over a large flat stone or short 
log which flips up and catches in the chas¬ 
sis or between the tracks. This situation 
deserves careful examination before work¬ 
ing, as applying too much power in the 
wrong direction may break a track or do 
other damage. Movement in the right direc¬ 
tion, particularly turning one track only, 
may free it; or climbing up on blocks or 
using another power source to pull the rock 
out the same way it went in. Sterner meas¬ 
ures are removing the track, or turning the 
machine on its side in order to break up 
the stone, or to chop the log. 

Overturning. If a crawler tractor is ly- 
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mg on its side, it may be rolled back on 
its tracks by pull on a line fastened to the 
highest substantial structure near the cen¬ 
ter of the up side. If there is no spot above 
the center of gravity which will take the pull 
the line should be run across the up side 
and what is usually the top of the tractor 
until a hold is found. Logs or other blocks 
under the line should be used to protect 
the tractor parts against crushing. An im¬ 
provement on this is to use a pulley in a 
tree, or in a heavy tripod, so that the 
line will lift as well as pull. 

]f the machine is upside down two pulls 
may be necessary, one to get it on its side, 
the other to right it. This is easiest down¬ 
hill, but blocks must be arranged to prevent 
it from rolling farther than planned. Power 
should be applied slowly to avoid bending 
or crushing of parts. 

If no power is available, hand jacks 
should be obtained together with planks 
and blocks, A jack placed on a plank 
should be used to raise some portion of the 
tractor* blocks placed to hold it at that 
height, the jack released, blocks placed un¬ 
der the jack, and the process repeated. One 
jack will do it* but two are easier. It is 
good procedure to start jacking the part of 
the machine which will move the longest 
distance in resuming upright position* and 
work the jacks in a* space opens up, If the 
cat is dozer equipped, the dozer frame and 
blade will safely lake the strain of jacking. 
The dozer may sometimes be moved ad¬ 
vantageously, using the starter for power. 

The type of jack shown m Figure 3-34 
is particularly useful in machine salvage. 

SHOVELS 

Planks* Power shovel tracks usually have 
flat shoes* so that it is difficult to get them 
to grip poles or planks and drag them un¬ 
der, without excessive trenching* or bolt¬ 
ing or cabling them on. Before working a 
dragline or other shovel in risky places, it 
is a good plan to get a plank 2" X 



Fig- 3-34. Equipment salvage jack 

y f x 12" or heavier* two feet longer than 
the shovel is wide* and drills holes in it 
to match the holes in the track shoes so it 
may be readily bolted, and carry it for 
use when necessary as described under 
tractor rescue. Strain on plank and shovel 
will be reduced by trenching deeply to the 
under slope of the idler if possible. If the 




Ftg. 3-35, Raising by an anchored bucket 
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shovel can climb up on this pEank, saplings 
or other helps can be placed in front of it 
to assist it to firm footing. 

Hoisting Bucket. If a dragline is down on 
one end, logs or planks can be forced or 
dug untier the high end, and the low end 
raised by hooking the bucket or hoist cable 
to a stump or other anchor, as in Figure 
3-35 (A} and (B). Pulling in the hoist 
cable, or raising the boom, should tip the 
shovel forward, lifting the near sufficiently 
to allow shoring up with logs, as in (C). 

If the anchor is close, a low boom gives 
best leverage. If it is distant, a high boom 
is better. However, a boom angle of over 
45° may be dangerous, because if the hoist 
line breaks or conies off the anchor, the 
reaction might throw the boom back on 
the cab. 

The same procedure can be used if one 
track is bogged and the odter one is free. 

I f the shovel is down all around, trenches 
can he dug to permit bracing under one 
end. This is used as a pivot to raise the other 
end, which is then shored up. The boom 
is swung to an anchor on the opposite 
side and the hoisting and blocking repeated. 

Two anchors may be chained together 
for greater strength, or to secure a better 
direction of puli. 

If no anchors are located in the proper 
direction, and it is not practical to make 
one, the bucket can be used as counter¬ 
weight. The dump cable is shortened to 
permit holding a load far out. A bucketful 
of the heaviest dirt available h dug, the 
boom lowered so that the bucket can be 
held just above the ground, Rocks or 
weights are piled on the bucket until the 
shovel lips. If the rear of the tracks is not 
high enough, it can be brought up by rais¬ 
ing the boom. 

In any blocking work a loose track is a 
nuisance as it will hang down and impede 
placing of supports. The slack can be read¬ 
ily taken out by placing a jack on the 
track frame and raising the upper section. 


Drum Line. A shovel can sometimes pull 
itself out of trouble by a line attached to 
one of its own drums, or to a drat; bucket. 
These lines are too fast for a smooth, 
steady pull, and the drums are so high that 
there is a tendency to pull the front of the 
shovel down. Better results will therefore 
be obtained if the line is passed through 
a pulley chained to the anchor, and back 
to the bottom of the dead axle. If several 
pulleys arc available, and all additional 
lines run to the dead axle, a very powerful, 
well directed pull will be obtained. 

Jamming Chains, A special precaution 
to be observed with shovels is to keep the 
drive chains free from material of any kind. 
Stretching or jamming these with mud, 
grave!, or debris is not only a severe strain 
on the chain, but by increasing friction 
within the chain and with the sprockets ab¬ 
sorbs a large pan of the drive power needed 
at the tracks. 

Straddling. It is risky to work a shovel 
that is straddling a stump or boulder, un¬ 
less the ground is known to be entirely 
firm. The rhythm of load, swing, and re¬ 
bound causes the tracks to work their way 
down into soft earth, particularly at the 
load end. If there is a thin layer of sod or 
hard soil overlying unstable material, the 
top will give an appearance of solidity, but 
if it breaks through, will let the machine 
sink rapidly. Ordinarily, slight sinking can 
be ignored or checked by poles under the 
tracks, but if it causes the shovel under 
parts to rest on a stump, it is a more tick¬ 
lish situation. 

The under parts of a shovel, between the 
dead axles, are more vulnerable to damage 
than any part under a tractor. In mud there 
is often nothing to do but to get out any 
way and hope for the best, but if possible, 
any projection reaching up into this vulner¬ 
able area should be carefully watched dur¬ 
ing rescue work. 

The shovel may be freed from an ob¬ 
struction by anchoring the bucket and 
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hoisting, or by walking it up on logs, or 
using a plank bolted to the tracks, or even 
by using a long crosscut saw to cut off 
a stump while still under it. 

Counterbalancing. If a shovel sinks so 
far on one side that it is in danger of over¬ 
turning, the boom should be swung to the 
high side and lowered as much as practi¬ 
cable, the bucket cstended, and weighted 
or anchored, then raised to serve as a coun¬ 
terbalance. This should prevent further tip¬ 
ping and may make it possible to shore it 

up 

Overturning. If a shovel is overt timed or 
so steeply tipped that it cannot be operated, 
the swing lock should be set, a line should 
be attached to the top of the A-frame and 
to any available anchor on the high side, 
and drawn taut to prevent further settling. 
If this line can be attached to a power 
source of sufficient strength, the shovel may 
be pulled upright, but this should be done 
slowly, with careful attention to any tend¬ 
ency toward bending the A-frame or other 
parts. 

If no adequate power is available, a 
platform must be laid or constructed on 
the ground, and the shovel raised with 
jacks and blocks. The best and cheapest 
blocks arc old railroad tics, but any sort 
of beams or heavy planking may be used. 
The actual raising of a shovel is so intricate, 
so dependent on the position and construc¬ 
tion of the machine, and so liable to result 
in severe damage if done improperly that 
it cannot profitably be described here. The 
best method is to hire people who specialize 
in rigging and machine moving, work with 
them, and remember their methods. 

If a shovel starts to tip during a swing, 
Lhe bucket and load should be dropped, if 
possible. 

Counterweigh t. If a shovel is heavily 
counterweighted to carry a long boom, and 
the boom is removed to install another 
attachment, the shovel has a tendency to 
turn over backwards. Removing counter¬ 



weight is usually too much work to be 
practical The shovel may be walked slowly 
to its other attach ment, with a high heavy 
sawhorse or some other support dragged or 
pushed along under its tail. Or a line may 
be rigged from its A-frame to a tractor or 
heavy truck moving ahead, and kept taut, 
a device which can be used not only to 
steady it but to pull it upright if it docs 
“sic down," Another system is to bring 
the attachment to the shovel. 

FREEZING DOWN 

Frozen Mud. Mud may cause serious 
difficulty when it freezes, as it sets like 
concrete and anything in it is likely to stay 
there. Crawler machines are particularly 
vulnerable, for if they are muddy, tracks, 
track wheels, and chassis are liable to be 
combined into one immovable unit. If they 
are clean, they are still apt to freeze to the 
ground. 

Precautions to be taken are to clean all 
mud from the tracks and wheels at the 
end of the shift, and to park the machine 
on rock, metal, or wood, with as much of 
the track length as possible in the air. Mud 
should be at least scraped off with a trowel 
screwdriver, or stick, but it is safer to 
wash it with a hose also. 

Frozen mud is hard, heat resistant, and 
tough, particularly when very cold. How¬ 
ever, the bond between mud and other ma¬ 
terials may be a film of brittle ice, which 
will resist pull or twist but shatter at a 
quick blow. 
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Breaking J.oosc, If the tracks are frozen 
down, but the trade wheels are free, the 
machine can often be broken loose by rock¬ 
ing it forward and backward with clutch 
and gears. Jerky clutch action is much more 
effective than smooth, but also much 
harder on the machine. Moving forward 
tends to loosen the rear pad, backward the 
front. The hardest part of the job is getting 
the first crack in the frost, after that the 
additional movement makes the breaking 
away progressively easier. It h sometimes 
advantageous to apply power to one track 
at a time, using the steering dutch to dis¬ 
connect the other. 

If there is frozen mud holding the 
wheels, it is unlikely that the machine can 
break loose with its own power, and the 
mud must be chipped or melted away. 
Chipping is very tedious and often im¬ 
possible because of lack of space to work. 
Heat is usually more practical, but if the 
weather is extremely cold, very large 
amounts are required. 

Melting Out. A blowtorch, the larger the 
better, Ls the usual tool for this work. 
The llame is moved back and forth over 
the mud surface, and Die thawed material 
scraped off. The wheels, tracks, and other 
metal parts will conduct heal to the mud 
effectively, so that chunks can be under¬ 
mined and broken off; but care must be 
taken not to heat the metal enough to take 
out its temper. If the temperature is very 
low, a small section should be worked at 
a time; if it is just about freezing, the flame 
may be moved back and forth over the 
whole area. 

Hot water is effective if available in large 
quantities, as it will wash off the mud par- 
lictes as they are thawed, exposing new 
surfaces to the heat. However, it may freeze 
on other sections of the machine white 
draining off. A portable heater may be used 
to blow a current of warn air on it, prefer¬ 
ably under a tarpaulin. A flexible tube may 
be used to conduct hot engine exhaust. 


More drastic measures are to erect a 
tent, or tarpaulin shelter, over the machine 
and thaw it with a stove; or to drag and 
push it with locked tracks into a heated 
building. But often the most practical 
method is to leave it until a thaw occurs, 
clean it off, and make good resolutions. 

Wheeled Equipment. Rubber tired vehi¬ 
cles are not as apt to freeze down or to¬ 
gether, as the flexibility of the tires prevents 
the ice from holding them effectively, and 
the rotating parts are ordinarily not as 
close to the fixed parts. If such freezing 
does occur, the same means may be used 
to thaw it, except that the rubber must be 
protected from heat. 

The parts most vulnerable to freezing are 
the brakes, and here water will do as badly 
as mud. If the vehicle is used in very wet 
or slushy conditions, then allowed to stand 
in freezing temperatures, a film of ice will 
bind the brake linings to the drums. Driv¬ 
ing back and forth on a dry stretch of road, 
even if only a few yards long, with the 
brakes applied, for a few minutes before 
parking will usually dry them out again 
enough to prevent this trouble. 

Frozen brakes may be loosened by rock¬ 
ing the car back and forth with its own 
power, or can be thawed with hot water or 
llame, 

JUMPING THE TRACK 

A weakness of tracked vehicles is the 
possibility of going off the track, When this 
happens, it may mean that the track is in 
a heap alongside the machine, the track 
wheels are resting on the ground; but more 
often it means that the track rails are not 
engaging the wheel flanges properly, being 
displaced to cither side, and contacting the 
inner surface of the track shoe. Operation 
in this condition soon leads to the complete 
separation of machine and track. 

Jumping or running off the track occurs 
most often during sharp turns on uneven 
ground, and is likely to indicate that tracks 
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are too loose or have a broken link, or 
track and wheel flanges are worn, or that 
wheels are out of line. It is usually ac¬ 
companied by a snapping or grinding noise, 
and ir suspected, the machine should be 
stopped immediately and inspected, as 
every inch of movement makes it harder to 
get back on the track. 

It the track is off the truck rollers only, 
it will usually swing back into place if the 
track is raised off the ground, by running 
the bull wheel or idler onto a log or other 
lift, or by jacking. If the bull wheel is on 
hard ground, forcing down a hydraulic 
dozer blade will often raise the track suffi¬ 
ciently. 

The principle involved in getting a track 
back on a bull wheel or idler is similar to 
that of installing a tight fan belt on a car. It 
cannot be pulled or pried enough to stretch 
it over the flange of the pulley, but if it is 
heid in one end of its place in the pulley, 
and the puliey turned, the wedging action 
wtl] stretch the belt over the flange, and 
the part of the belt already in the groove 
wili draw the rest of it in. 

Similarly, with the track it is a problem 
of getting part of the track in line with the 
flange, and turning the wheel to draw it 
on. If the track is partially on the wheel, 
simply turning it in the proper direction 
does the job. If it is olT the flange com¬ 
pletely, it may have to be pried into line 
with a crowbar, jack, or chain, and the 
track adjustment will usually have to be 
loosened as well. 

If the track is off the upper part of the 
bull wheel, but still engaged wills even one 
tooth at the bottom, and with the truck 
rollers, the machine should be moved for¬ 
ward slowly. The sprocket teeth will mesh 
properly with track appearing from beneath 
the rear truck roller, and will carry the 
wrongly meshed section overhead into the 
slack upper section, where it will be straight¬ 
ened out by the support roller. If the upper 
P<irt of the bull wheel is correctly engaged. 


THE: TRACK 

and the lower section ofT, the track will 
work into place if the machine is reversed. 
However, it might be necessary to pry' with 
a crowbar to prevent the track from jump¬ 
ing off the rear roller. 

If the track is entirely oft the bull wheel 
flange, but still meshed with the truck roll¬ 
ers, the machine should be moved forward. 
The bull wheel will roil onto track held 
correctly by the truck rollers, and. perhaps 
with the aid of vigorous prying, should 
mesh with it and pass this correct meshing 
up around itself. If the track is also off 
one or more truck rollers, the tractor 
should be backed so that the bull teeth 
can mesh with track held correctly by the 
support rollers. This may require more pry¬ 
ing, or a pull in the correct side direction 
from another power source, or if the dis¬ 
abled machine is a shovel, from a line to 
its boom. 

Should the track be o(T at the idler, the 
above methods are still ttood, with direc¬ 
tions of travel reversed. If the track is 
tight, it might be loosened to facilitate 
crossing the wheel flanges. If the track is 
off the support roller, it usually can be 
replaced by lifting with a crowbar. 

If ihe track is off the bull wheel, truck 
rollers, and idler but is still on the support 
rollers, the whole track and wheel assem¬ 
bly should be raised off the ground, and 
the bull wheel rotated backward. The track 
can he engaged with this at the top by use 
of a crowbar, and will be pulled into en¬ 
gagement with the rest of the bull wheel, 
then the truck rollers and finally the idler. 
Caution should be used to prevent the track 
from coming off completely in one place 
while being meshed in another. 

If none of these stratagems work, or if 
the track is entirely off the wheels, the track 
adjustment should be loosened and the 
track -broken" by removing a lock and 
driving out one of the hinge pins, using 
the bull wheel as a brace. On some makes" 
there is only one master pin which can be 
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used. The side of the machine should be 
raised off the ground, the track placed 
correctly under the wheels, the machine 
lowered, and the crack wrapped around 
the bull wheel and idler. The ends should 
be pulled or forced together at the bull 
wheel or between it and the top of the 
idler, by chain tighteners, block and fall, 
winch, jacks, elbow grease, or any other 
mean; available, and the pin inserted and 
locked. This is a difficult and laborious job, 
even on a small machine, except for ex¬ 
perienced personnel, and on a large one 
may require the use of other machinery to 
handle the track. 

It is sometimes easier to replace a track, 
after opening it, by walking the machine off 
it onto a plank or beam, aligning the track 
behind it, and walking it back, than to 
shift the track around under the machine. 


This type of work has been rendered 
much more difficult by changes in track de¬ 
sign and fabrication. A single master pin 
may be difficult to identify and to get at. 
When found, it may be so tight that it can¬ 
not be driven out until the links are heated 
with a torch, and the links may be bent by 
the heavy hammering, during either re¬ 
moval or replacement. 

It is common practice among service 
men to cut a pair of links with a torch: then 
take the whole track to a press to be reas¬ 
sembled. A minor Incident may be turned 
into an expensive and time consuming 
project in this way. 

If the master pin is buffed down before 
inserting, it can be driven and removed 
with less trouble, and will usually still be 
tight enough to stay in until it becomes 
necessary to open the track again. 
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CHAPTER FOUR 



Cellar excavations may be roughly clas¬ 
sified as the dig-and-pile and the dig-and- 
haul-away types, which will be referred to 
in this discussion as residential and com¬ 
mercial, respectively, as the larger part of 
them fall into these categories. 

Backfiring around the foundation is dis¬ 
cussed in Chapter 7* It must be emphasized 
here that a wet fill can crumple in a founda¬ 
tion and even move footings, and that this 
danger is especially severe if the masonry 
has not had time to cure, 

PRELIMINARY WORK 

Tree Protection* In residential excava¬ 
tion, any clearing that may be required is 
likely to bo of the selective type. Large 
trees, or trees of desirable species, may de¬ 
termine the location of the house, and they 
must be guarded against damage and 
buriaL It may be advisable to wrap the 
trunks of such trees in dolh T and protect 
them by a collar of vertical boards, as in 
Figure 4-1. If their bases may be tempo¬ 
rarily buried, the original ground line 
should be marked on the bark with paint, 
so (hat the fill may be removed accurately, 
and burial or overcutting avoided. 

TopsoiL Topsoil is usually present and 
if it will be needed lor landscaping it should 
be saved. This involves taking it off the 
area to be excavated, and preferably from 
tlic areas where spoil is to be piled. This 
stripping may be a substantial part of the 
cost of the excavation but is required in 
most localities. 

In places where there is no well defined 


topsoil, or the topsoil makes up a third or 
more of the spoil and the subsoil will mix 
well with it, stripping may not be nceded 

A method of stripping topsoil which is 
often most economical in the long run is 
to remove it completely from all areas to 
be involved in the digging. Figure 4-2 (A) 
shows one method of doing this by placing 
it in compact piles well away from two 
comers of the proposed house. This will 
usually keep it out of the w r ay of digging* 
piling, and ditching, and leaves it in a 
position for straight line spreading. But it 
should not be pul in corners w r here a dozer 
will be unable to get behind it. 

(B) shows a more usual method. The 
digging and piling area is stripped, the top¬ 
soil being pushed into two piles, so placed 
as to be just beyond the spaces for the 
piles of spoil. If too small allowance is 
made for the spoil, the topsoil may have 
to be moved back further, or may get 
buried by the fill and partly lost. In any 
case it will probably interfere with back¬ 
filling. 

In (C) the topsoil is pushed to the sides 
and fill piled to the front and rear. 

Topsoil stripping is discussed in Chapter 
10. Et is customarily done by a dozer, which 
does the cleanest work, Hoe shovels, and 
to a less extern other shovel rigs, will re¬ 
move topsoil rapidly, and if the soil is 
heavy and wet T may be preferred because 
they do not compact it and cause it to 
cake. If targe areas are involved scrapers 
may be used. 

If the topsoil h thin and will be required 
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Fig. 4-h Protection for tree (runt 

for finishing ofl T it may be deliberately 
mixed with some fill while stripping to in- 
crease its hulk. If the subsoil has a loose 
texture, little or no harm will be done to 
fertility„ and regrading will be simplified, 
Artificial Ohsiacles, Serious digging dif¬ 
ficulties may be caused by obstructions 
placed by the builder, Flatter boards are 
used for reference in exact placement of 
foundation walls. They will increase exca¬ 
vation cost by restricting the movement of 
machinery, particularly if the house is to 
be irregular in shape. Files of building ma¬ 
terial may also be much in the way. 
Corner stakes* with back reference 
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Fig. 4-2. Topsoil piling 


points such as are described in Chapter 
2, are adequate location marks for the ex¬ 
cavator* and other preparations for build¬ 
ing should be postponed until digging is 
complete. 

Depth. The depth of the excavation de¬ 
pends on the first floor height relative to 
original grade, and the depth of substruc¬ 
ture below it. Substructure might include 
floor thickness, rafters, sills* cellar head- 
room, and thickness of the cellar floor and 
gravel or crushed rock under it. If the full 
area is to be dug to the bottom of the foot¬ 
ings their depth must be considered also. 

On sloping ground, excavation depth will 
vary at different points. 

Factors in determining first floor level, 
including a way to probe for rock, are dis¬ 
cussed in Chapter 7. 

Ruck. Digging in ledge rock or large 
boulders may increase excavation cost 
three to five times, or more. Its presence 
may result in raising the house, or sub¬ 
stituting a slab or crawlway for a cellar. 

If it i$. to be removed, dirt removal 
should be completed and the rock surface 
cleaned before drilling. 

Most cellar jobs are so located that mats 
must be used eg cover blasts, and particu¬ 
lar care taken to safeguard passersby and 
traffic, and to avoid damage to properly. 

DIGGING 

U'jlldun-r. The three standard machines 
for digging small cellars are the bulldozer, 
the shovel dozer, and the hoe shovel. 

A dozer can dig a cellar of any depth 
desired, provided heavy rock or mud are 
not encountered, but It h at its best in 
shallow work. This is because it must die, 
away a considerable amount of the bank 
to ramp itself in and out* and the whole 
weight of the machine must come up oue 
of the hole with every pass. It can push 
much larger loads on a level or a moderate 
upgrade than on the steep rises from a deep 
cellar. 
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Fig. 4-3. Cellar digging sequence 


Digging techniques vary with the opera¬ 
tor and the locality. Several methods will 
be described* but they are presented only 
as samples and should be followed only 
where they give satisfactory results. 

It is good practice to leave a ramp that 
will allow trucks to back into the fioor of 
the excavation, for convenience in deliver¬ 
ing foundation materials to the point of use, 
I'Asimpk-. The first case to be considered 
is that of a cellar, 20x30 feet, four feet 
deep, dug in a large, level, treeless Icn, from 
which topsoil has been stripped. The di¬ 
mensions given are those of the outside of 
the foundation walls, and an additional 
eighteen inches on each side should be al¬ 
lowed for wide footings and working space 
lor tlie masons, so that the dimensions of 
the hole should be 23x33 feet. Stakes arc 
set six inches outside the digging line, as 
in Figure 4-3 (A) to avoid accidents to 
them. Any temporary guide pegs the opera¬ 


tor needs are set along the edge, or just 
outside it. 

OPEN FRONT METHOD 

Tup Layers. The bulldozer is fim 
worked along the short dimension, inside 
the stake lines. The blade may be dropped 
at the front or south line for a fairlv deep 
bite, and when filled it is lifted to ride the 
load over the undug ground until the north 
line is crossed. The dirt may be dropped at 
the line or pushed a few feet back. The 
dosjer then backs lo the south line and 
takes another bite in a strip adjoining or 
overlapping the first. It may work the 
whole width of the from line, as in (A), 
or only a section of it, before digging the 
area over which the soil has been pushed. 
The back edge of the cut is worked north 
by successive bites until the rear line of 
the excavation is reached, approximately 
as shown in the cross section (B). 
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Fig. 4-4, Culling down from edge 

After completing the removal of the lop 
layer, the dozer may cut out and pile a 
second layer in the same manner, as in 
(C). This deeper cut will not extend to 
either digging line, as the slope down and 
the slope up are kept inside these lines. 
The east and west edges are also tapered 
in to provide slopes the dozer can climb. 

This digging can be done about as welt 
by making the first cuts against the north 
line and working successive cuts bock to¬ 
ward the south line. However, the machine 
should not start a cut at the front line and 
moke it shallow enough to continue to the 
back line, as the long move to the front is 
partly wasted unless a full blade is obtained 
there. 

If the soil is so hard that the blade can¬ 
not be filled in a short distance, the dozer 
may be worked over a short digging area 
only, for several passes, after which the 
pile of loosened dirt may be pushed to the 
spoil pile. If a ripper or subsoil plow is 
available, it might be profitably used to 
break up layers of dirt in advance of dig- 

g^g 

Ramping Down. A hydraulic dozer* 
which is preferred for cellar work because 
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Fig, 4-5, Piling soil 


of its ability to cut hard soils, will usually 
not cut a steep ramp down without special 
handling. Figure 4-4 (A) shows a dozer 
cutting down from a line in soft soil. If 
digging is good, the blade will penetrate 
rapidly until maximum depth is reached. 
It will make a level cut until the machine’s 
center of gravity moves over the cut, It will 
then fall forward, and the blade will resume 
cutting until full penetration is reached* 
when it will level off again. Such a series 
of steps makes an unsatisfactory ramp. 

One way to make a smooth ramp, shown 
in (B) t is to start it well back from the 
edge with a gradual curve that is made 
steeper at the digging line. Cutting is then 
regulated so that the full depth of penetra¬ 
tion will be reached as the center of gravity 
crosses the steepened part of the curve. 
Several passes are made in digging this 
ramp as indicated. This curve may be made 
steadily steeper as depth increases because 
the tractor itself is at a downward slope. 

If the cut cannot be made far enough 
back into the bank for ramping in, the pro¬ 
cedure shown in (C) may be followed. Dirt 
is pushed out of the excavation into a sleep 
pile* the dozer is backed up on this, and 
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Fig, 4-6, Cutting lower layers 


is thus pitched down a steep enough angle 
to cue down sharply. 

Piling* The area to be occupied by the 
pile should be calculated or guessed at, and 
the first piles placed eh its far side. Succes¬ 
sive loads may be dropped toward the exca¬ 
vation, then a load carried over these, push¬ 
ing the tops off some of the heaps* and 
dropped at the back. The pile is thus built 
up in a series of wedges, with their thin 
ends towards the excavation p as in Figure 
4-5 (A)* 

Or the first load may be dropped at the 
near side of the intended pile, and the next 
pushed through it with a raised blade so 
that the approximate up slope is established 
from the beginning* and successive loads 
dumped off the back as in the (B) series. 
Jn cither case, the pile may show a tend¬ 
ency to build toward the hole* and may 
have to be dug into severely to cut it back 
to proper distance. 

The up slope of the pile should be made 
according to the power and traction of the 
dozer, the judgment of the operator* and 
may be between 1 on 5 and 1 on 2Vi + The 
easier gradients make it possible to push 


larger loads, but they must be moved 
farther and require more ground space. 

Lower Layers. After the digging has 
reached the half depth* the dozer should 
be moved out onto the west bank and 
headed cast along the south line of the 
excavation. An entrance ramp should be 
started several feet back of the west line, 
as in Figure 4-6 (A)* and a steep ramp cut 
down toward the two foot level As the 
blade fills, the machine is swung toward the 
center of the hole and the dirt left on its 
floor. The dozer returns to the south line, 
makes another cut, again swinging the spoil 
out into the center, pushing it somewhat 
farther. It thus cuts out the full width ramp 
by which the dozer entered the pit from 
the south, and occasionally shifts to push¬ 
ing the dirt obtained from the ramp up on 
the north pile. As the east edge is ap¬ 
proached, dirt may be pushed up on its 
bunk, cutting a ramp, instead of to the 
north. 

The north slope may then be cut away 
in the same manner, the spoil first being 
pushed up die undestroyed section of the 
ramp, as in (B)* and finally onto the west 
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bank. These cots result in vertical walls 
along the two long sides of the hole. 

The inside ramps may also be removed 
by oblique passes from near the center 
(C), steering the dozer so that the blade 
\s parallel with the bank by the time it 
reaches it. The slope ahead of the dozer 
can be gouged away in this manner, with 
the spoil being edged out into the open and 
pushed up the west bank. With the west 
section of ramp removed, the dozer can be 
turned to cut away the east part as in (D). 

Finishing, After removal of the north 
and south slopes, the floor of the cut may 
be deepened by pushing to east and west. 
These ramps up to original grade should 
have Lheir lower ends at the excavation line, 
and will therefore be cut back deeply into 
the bank, as in Figure 4-7 (A), Since a 
steep ramp means less extra excavation, the 
slopes should be made as steep as practical. 
They may be cut all the way through to 
begin with, for an easy gradient, and steep¬ 
ened as the hole deepens. The amount of 
dirt removed for ramps can be slightly re¬ 
duced by narrowing them as they go up T 
as in (Bl The ramps can be partly filled 
by the last loads pushed, as in {€}, except 
where space is left for supply trucks. 


As the bottom of the hole approaches 
final grade, it should be checked, A four 
foot stick, or a rule, may be used to meas¬ 
ure down from the edges, jf they are well 
enough preserved, or from a siring 
stretched diagonally between two comer 
stakes. The mason contractor generally 
expects to do some hand leveling and trim¬ 
ming, but will be pleased to find it un¬ 
necessary. 

It is not practical to dig narrow footwall 
trenches below the pit level with a dozer. 

Results. The procedure outlined above 
should produce an excavation such as 
shown in Figure 4-7 (G) with two straight 
walls correctly spaced- Ramping out of the 
short sides reduces the amount of extra 
digging that is one of the drawbacks of 
dozer work. The whole front is left free for 
access and for piling building material. 

However, the spoil may not be properly 
placed for backfill and grading. In such a 
location a house would usually have the 
fill spread all around it, with particular at¬ 
tention to building up the front. Here, fill 
for the front yard would have to be ob¬ 
tained from the sides, which, In turn, 
might need to be partly replenished from 
the back. This involves extra pushing, and 
the presence of a few trees might make 
distributing it a major problem. 

Time and Cost* This cellar involves 
about 120 yards of excavation. It might 
take a 40 horsepower bulldozer (a good 
size for the job) from one to three hours to 
strip the topsoil, and two to six hours to do 
the digging. 

The machine might rate bet ween S6 and 
$10 per hour, plus S10 to $30 for transpor¬ 
tation to the job. Because of lost time be¬ 
tween jobs, additional lime or a full day 
might be charged. 

Big savings can be effected if two or 
more jobs can be done in the area at the 
same lime. It is often possible to dig one 
cellar, and backfill and grade for another, 
on the same trip. 
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Rock (even i! not removed), water, ir¬ 
regularities, or obstacles will increase the 
cost of the work, 

OTHER DOZER WORK 

Four File Method. Another pattern for 
digging thus same cellar is showm in Fig¬ 
ure 4 8. The soil is pushed in four direc¬ 
tions, The east and west ends, for a dis¬ 
tance of perhaps eight feet from the line, 
are pushed up on the east and west piles, 
respectively, with ramps cut out of the bank 
and partly refilled as in the previous exam¬ 
ple. The section between these two cuts is 
pushed onto piles to the north and south, 
with ramps cut out of the bank beyond the 
digging line, each pile being supplied 
mainly from soil on its side of the center. 

By this plan, the whole surface of the 
excavation can be worked down as a unit, 
the dozer always pushing dirt to the near¬ 
est pile. The four directions of push may be 
taken in rotation, or varied according to 
the operator's inclination. 

Advantages of this method arc efficiency 


in that pushing distance is kept to a mini¬ 
mum, and adaptability to grading plans. 
The four spoil piles arc shown to be about 
equal, but their relative size may be 
changed without varying the method. Ac¬ 
cess and space for material is not as good 
as with the open front method. A larger 
amount of dirt is dug out for ramps and 
must be pushed back later. 

Grading. If the topsoil has been pushed 
well back, it is possible to rough grade the 
fill at the same lime that it is pushed out 
of the cellar, or immediately afterward. 
This has the advantage of making all four 
sides accessible to the builders. 

Ordinarily, it is easier to spread several 
smalt piles than one big one. For this rea¬ 
son, it is wise to stop excavating occasion¬ 
ally and to spread the piles which have been 
built up- 

The grade should be kept at least a foot 
above its final level, to provide excess soil 
for backfilling around the foundation. 

If the digging is wet p the spoil may be too 
sloppy to spread immediately. 



Fig, 4-8. Four-pile excavation 
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Fig. 4-9. irregular cellar 


Irregular Cel tar. Figure 4-9 shows a cel¬ 
lar of irregular shape. This may be dug by 
the open front method by cutting back 
the jog as indicated in (A) t and by pushing 
dirt for the small south room into the main 
cellar to be piled on the east side. 

(B) shows the same cellar pushed up 
into four piles. The jogs are handled by 
simply moving the ramps and piles outward 
the extra distance. 

Limited Access. Figure 4-10 shows a 
diffieu It si tu ation where trees c r oLhcr 
buildings permit entrance by the dozer at 
only three points, and where all the spoil 
must be pushed out at one of these spots. 
A detailed description ol the work would 
be lengthy and tedious, and it is hoped that 
the successive diagrams are sufficiently 
clear. The dozer movements indicated by 
the arrows would have to be repeated on 
each cutting level. 

In soft soils it might be possible to cut 
the comers with the dozer by pushing the 
dirt to loosen it, then backdragghg. How¬ 


ever, it is usually cheaper to dig them by 
hand and to throw the dirt out into the 
dozer path. 

This type of excavation takes several 
times as long as open digging. 

Figure 4-11 shows a succession of steps 
in excavation of a cellar in a hillside. This 
floor base is at grade on the east (right) 
and requires a cut of eight feet along the 
west line. The slope of this hill is about one 
on three, which a dozer can negotiate going 
up or down, but cannot safely w r ork side¬ 
ward, unless it is a wide model. 

The easiest way to dig would be to push 
straight down the hill, but the yardage re¬ 
moved to ramp down would be about two 
thirds as much as for the cellar itself; and 
the spoil would be left in such a position 
that it could not be conveniently used to 
backfill the ramp. 

Dirt may be pushed to the side as well as 
the bottom by pushing down from the 
center of the upper line of the excavation 
to build a step which would be level or 
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Fig. 4-10. One-exit digging 


tipped oppositely to the hill slope. The 
dozer may then be operated on this step, 
pushing to the north and south, along the 
west line. The step will broaden as it is 
deepened, and will allow the dozer space 
Eo push downhill, first diagonally and then 
directly, in addition to the back cut paral¬ 
lel to the rear wall. By leaving the two rear 
corners for hand cutting, the excavation 
can be completed with small ramp cuts. If 


the dozer must do the whole job T the back 
wall cuts can be continued into slot ramps, 
which should be at least a foot or two 
wider than the blade to avoid getting the 
machine jammed against boulders or in 
slides, 

SHOVEL DOZER 

Digging. A dozer shovel or loader, if 
equipped with a full width hydraulic dump 
bucket, may dig an open type of cellar in 
the same manner as a bulldozer. It should 
be expected to do a quicker job than a 
dozer of the same power, because of better 
penetration in hard soil and ability to push 
larger loads. An exception would be wet 
slippery soils where the smooth tracks of 
the shovel would not grip. 

The ability of the dozer shovel to cut 
straight ahead, then back and turn with 
the load, makes it possible to reduce the 
amount of excavation outside the digging 
lines for ramps. If the cellar is dug by the 
three pile or open front method, the pro¬ 
cedure shown in Figure 4-12 may be fot- 
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lowed. The first layer is not cut quite to 
the ends of the excavation, (A), and the 
ramps built in reaching the bottom are in¬ 
side the digging lines, (Bl. They are cut 
back to the steepest practicable grades on 
the last pushes, and then one ramp, a foot 
or so wider than the machine, is cut into 
the bank. AH soil left inside the digging 
tine is then removed by being picked up 
and carried or pushed out the slot ramp. 

The machine can carry a larger load up 
the ramp when moving forward than when 
reversing. This is because it is nose heavy 
when loaded, a condition which is made 
worse in hacking up an incline, both by 
the shift of the center of gravity toward the 
front, and by the reaction from the drivina 
torque which pushes the front down. In 
ascending a grade forward, both of these 
forces tend to raise the front and improve 
stability. These effects become more 


pronounced as the incline becomes steeper. 

Turning around in a small excavation 
may be difficult, or impossible, so that it 
is often better to back out with a small load 
than to lake the time to turn in order to 
carry a larger one. 

Cutting Walls. When cutting back a wall, 
the bucket Up is driven into the base and 
raised. Low gear is used, and it may be 
necessary to slip the clutch, or alternately 
engage and disengage it, in order not to 
crowd the bucket under more dirt than it 
can lift or cut. When the back line of dig- 
ging is reached, the bucket is driven into 
the bottom, the tractor held with partial 
application of the brake, and the bucket 
raised. As it rises, it crowds somewhat for¬ 
ward and the tractor should be allowed to 
roll back enough to compensate, if it 
rolls back loo far, the clutch can bo par¬ 
tially engaged to move into the wall again. 
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A cleaner bank can be cut by moving 
parallel to it and cutting with die side of 
the bucket, but there are usually some walls 
which are too short to be handled in this 
manner. 

Any jogs or irregularities can be cut by 
digging into the wall from the excavation 
without making add it ion a] ramps. It is 
easiest to take these out in layers as the 
floor of the hole is worked down, but they 
can also be dug after completion of the 
main work. 

Soil carried out of the hole may be 
spread or distributed to nearby low spots 
much more easily than by a dozer, and can 
also be readily loaded into trucks. 

When the digging is done with a bucket 
narrower than the tracks, side walls must 
be cut head on, or in a series of curving 
gouges. Comers must be cut a little wide 
to make a clear right angle. 

If a gravity dump bucket is used, it is 
difficult to cut a good ramp downward 
without placing a pile of fill and backing on 
it. Often, however, this type of bucket rises 
vertically and will cut a straight back wall 
without maneuvering the tractor. 

Digging L'nder Buildings. A special fea¬ 
ture of most dozer shovels is their ability 
to dig cellars under existing buildings. Par¬ 
ticular attention must be paid to bracing 
the structure over the hole through which 
entrance is effected, and across any interior 
pillars which are to be moved. Digging 
should be done cautiously to avoid damag¬ 
ing the building through collision with 
rocks, beams, or soil pipes in direct con¬ 
tact w r ith it. 

[f the building is not large enough so 
that the machine can dig a turning place 
inside it, it will be necessary to use hand 
labor to cut back to some of the walls. 

Ventilation is very important, and usu¬ 
ally requires at least the use of a powerful 
electric fan to keep the air reasonably free 
of exhaust fumes. 

A machine that is to do much work in¬ 


doors should have a scrubber (fume de¬ 
stroyer) on the exhaust. 

Hydraulic shovels equipped with tele¬ 
scopic booms can dig under a building 
from outside, either directly or by remov¬ 
ing hand-dug dirt. 

BACK HOE SHOVEL 

The hoe (back hoe or drags hovel) is the 
dozer’s principal competitor for small cellar 
work. It can do a very neat job with little 
or no cutting outside of the excavation 
lines. It is capable of shallow 1 digging, but 
compares most favorably with the dozers 
when the hole is to be over six feet deep, or 
when unfavorable bottom conditions, such 
as water, mud, boulders, or ledge are en¬ 
countered. It is able to take care of any 
necessary ditching without change of at¬ 
tachments. 

It is recommended that the digging lines 
be set a few inches outside of the required 
excavation, although in even textured soil 
the back hoe cm do a very exact job. In 
addition to the comer stakes, intermediate 
guide pegs should be set at short intervals 
along the digging lines, as the operator can¬ 
not sight along these lines without getting 
down from the shovel, and the finished w r all 
is established with the first cut. 

Figure 4-13 shows the twenty by thirty 
cellar with the depth increased to eight feet. 

Lining Up* Accurate lining up of the ma¬ 
chine is essential for a clean job. If the cut 
is to begirt along the south line, the shovel 
is placed as in (A) with the bucket about 
three quarters extended and resting a few 
inches beyond the southwest comer. The 
boom and the tracks are parallel with the 
south digging line. Lining it up in this 
manner is greatly simplified by marking the 
width of the bucket (including side cutters, 
if used), centered, on the bottom of both 
dead axles, with paint, or better, stubs of 
welding rod. Sighting across the outside 
pair of these marks from the rear, the outer 
edge of the bucket should be exactly in line 
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Fig, 4-13, Cellar diggingwith a hoe 


with them, and all three points should be 
on the digging line. 

Digging, A ditch i$ now dug to bottom 
grade with its left edge on the digging line, 
and the spoil is dumped to the south. The 
far end of the ditch will curve rather 
sharply inward. When the shovel has dug 
as much of the south wall as it can from 
its position, it reaches to the center of the 
west line and digs a trench back from there. 
The triangle included in these ditches is 
dug in layers to bottom grade, which may 
be found by a measuring stick, and as near 
to straight down from the west line as 
possible. 


The shovel is then backed up a few feet 
to position (B)„ It can now cut the west 
end of the ditch to be almost vertical be¬ 
cause of the more extended position of the 
bucket. The south wall ditch is then ex¬ 
tended as near the shovel as possible, and 
material between it and the center cut 
down in layers to the bottom. The center 
line will be irregular. 

The spoil pile will tend to build up too 
sharply at the edge of the hole unless 
pushed back, This pushing may be done by 
regulating the outward swing of the bucket 
during the dump so that it strikes the pile 
at a spot where its momentum will push 
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a considerable quantity of dirt outward, 
without stopping its own motion. Knock¬ 
ing dirt back should be started early, be¬ 
fore the pale gets high. The hoist clutch 
must be engaged during this operation. 
The quantity of dirt that can be put in a 
piJe is greatly increased this way. 

Digging is continued in the same manner 
with careful attention to a clean, level 
bottom until the east end is reached. The 
shovel can probably cut this to a nearly 
vertical wall immediately in front of it, but 
will leave a ragged edge, as (C) further 
north. The shovel is then turned and 
walked into the unexcavated north section. 
When its center is a half bucket width in¬ 
side the east line, as in (D) s it stops and 
shaves the end of the excavation F then 
trenches to the north edge. It next straddles 
the north line, and is lined up in the same 
manner as before, with the bucket resting 
in the hole in the northeast comer. 

The north $ection is excavated in the 
same manner as described for the south, 
and completes the excavation. The west 
edge may be cleaned up, if necessary, by 
turning the shovel to walk parallel to the 
edge, so that the bucket can dig straight up. 
The shovel should not be put Ln this posi¬ 
tion, however, unless the soil is firm and 
is known to have good load bearing quali¬ 
ties, as a crawler machine is vulnerable to 
cave-ins or slumping under one track. 

This edge may also be trimmed from the 
north and south banks. 

The completed excavation and spoil piles 
are shown in Figure 4-14. It will be noticed 
that the piles are somewhat offset from the 
hole, so that the south pile can easily be 
used for till on the east end, and the north 
pile on the west end. Both ends are left 
open for access and storage. 

The north cut could have been made in 
the same direction as the south cut, if the 
east ditch were shorter, but the fill would 
then have been concentrated toward the 
east end. 



Fig. 4-14. Finished excavation 

If the spoil showed a tendency to slump 
into flat piles, or the cellar were deeper, 
the shovel might not be able to slack the 
spoil in these two piles, unless it occasion¬ 
ally left the digging and walked behind 
them and dragged them back, thus making 
room for more, 

A more finished hole could be made by 
starting the digging with a ditch along the 
west edge, dug from ihe south. The spoil 
pile would largely block the access to that 
side, unless the soil were piled in the cellar 
area for rehandling. If access were not 
important, this ditch could be widened to¬ 
ward the center, reducing the amount to be 
piled to south and north. Existence of such 
a ditch would make it necessary to work 
the north section toward the east. 

Loading Trucks. A hoe can load the 
spoil in irucks instead of dumping it on 
the ground. Where the piles will be so 
large that they will have to be dragged 
back, a truck or trucks may be used to take 
part of it away, the shovel continuing to 
dump on the piles when no truck is in 
loading position. If grading plans have been 
prepared requiring use of the fill away from 
the foundation, it may bo cheaper to truck 
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Fig. 4-15. Checking bottom grade 

it than to push it later with a dozer. How¬ 
ever, enough of o pile should be left by the 
hole for backfilling between the founda¬ 
tion and the edge of the excavation. 

The pull shovel can dig footing trenches 
below the floor level where it is working 
parallel to the edge, as along the south, 
east, and north walls in the original pro¬ 
cedure. 

Checking Grade. Cutting the bottom to 
proper grade is more difficult with a shovel 
than with a dozer, as the shovel operator 
looks down at the grade rather than along 
it; has more difficulty climbing down to 
check it; and cannot move the machine 
back to grade over mistakes. 

It is very helpful to the operator to have 
a man to check his work, although he can 
manage alone if necessary. The comer 
stakes, and preferably some other stakes, 
may be marked at a certain height, as nine 
feet above the bottom. In a level field the 
marks would all be a foot above the 
ground; in a sloping one the highest stake 
should be marked a little above the ground, 
and the others with the aid of an instru¬ 
ment or a string level. A slick should be cut 
nine feet long. 

If the operator is checking the grades 
alone, he may fasten a taut string between 
two slakes so that it will go over the spot 
in question and measure the distance from 
the floor to the string with the stick. Spots 
which cannot be crossed by the string, or 
measured directly from the height of the 


wall, may be checked from a known spot 
by eye. or with a hand or carpenter's level. 
See Figure 4-15 (A). 

Jf two men are doing the work, a string 
may be stretched between stakes on one 
side. Another string fastened to another 
stake across the excavation may be held 
in any desired position on the first string, 
as in (B), while the other man holds the 
stick. 

Hand and transit levels may be used. A 
long rod is required if the instrument is set 
up outside the hole. 

A shovel cannot cut a perfect floor to a 
pit because of the projection of the teeth 
and the tooth bases. The smoothest grade 
is obtained when the bottom of the bucket 
is used for finishing rather than the teeth. 

Irregular Edge. Figure 4-16 shows a cel¬ 
lar of the same irregular shape as that in 
Figure 4-9. The principal considerations in 
doing complicated excavations with a hoe 
are to avoid digging it into a trap; to avoid 
surrounding it or blocking it from other 
work by piles of spoil; and to work cither 
parallel or at right angles to outside edges. 

There arc several ways in which this cel¬ 
lar can be dug. The north side can be dug 
from the cast end as in (A) and (B). 
When the jog is reached it is finished off 
with a vertical cut, the shovel backed away, 
and brought back in position to cut along 
the inner line. Jf the start is made at the 
west, the cut is brought a little beyond the 
jog, and position then shifted to dig along 
tiie outer line. 

The machine may dig the south side by 
entering from the west and starting at 
the southeast comer. Excavation is carried 
back to the west line first ditching the edge 
then digging out the center. Care is taken 
to begin the spoil pile well west of the 
south room The shovel is then moved olf 
to (he south and up to the room. It is first 
lined up to the west side of this room and 
makes a cut from the main excavation to 
the south tine of the room. It is then moved 
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Fig. 4-] ft, CuMing jogs wilh a hoe 


so m to cut the east wall of the room, then 
digs out the rest of the room. 

Another way to do this would be in the 
same manner as the north wall, treating the 
room as a double jog. However, this would 
involve extra digging because the bucket 
needs considerable width in which to cut 
down. 

If the excavation site is a hillside, the 
work should be managed so that shovel 
tracks will head up- or downhill, not across. 
If the grade is steep, the shovel should dig 
from downhill to avoid danger of being 
pulled into the hole if the bucket hooks 
into something solid. 

If work must be done from the upper 
side the stability of the ground should be 
checked, and both tracks must be securely 
blocked against sliding. 


OTHER SHOVEL RIGS 

Dipper Stick* Dipper stick shovels are 
seldom used in residential cellar excava¬ 
tions, but they can do a good job. For 
satisfactory results, the ground should be 
firm at bottom grade, and the spoil should 
build into steep-sided piles. 

A 20x30 cellar, six feci deep, can be 
dug as shown in Figure 4-17 (A). A some¬ 
what larger excavation would be dug ac¬ 
cording to the diagrams. Figure 4-l8 r In 
each case, a ramp must be dug outside the 
excavation line with a slope, usually 3Vz 
and 2Vi on l, which the shovel can climb 
when the job is finished. 

The spoil piles can be pushed back from 
the edge of the hole to some extent by 
crowding against them with a closed 
bucket. 


4-15 






































multiple cellars 



The walls of the hole tend to stope in at 
the bottom, and to be somewhat jagged 
because of the different angles at which 
the bucket cuts them. Both these featuics 
can be reduced or eliminated by careful 
digging, but extra time will be consumed. 
Clamshell. Clamshells are not ordinarily 
used in this type of excavation because they 
do not move as many yards an hour as 
competitive types. However, they turn out 
as accurate a job as a hoe, and for small 
deep excavations, will do the work cheaper 
than a bulldozer. Digging is done from the 
top so that no ramps are required. 

An edge may be cut with the tracks 
parallel with it. and the taglinc chains at- 
tached to one jaw, or with the tracks at 
right angles to the digging line, and the 
taglinc on both jaws. Either of these ar¬ 
rangements will permit cutting straight 
sided trenches along the outer lines. The 
center is best cut in layers, or in sections 
behind completed edges. 

A medium or heavy duty bucket should 
be used. The spoil may be placed in isolated 
piles, in windrows, or in trucks as desired. 

MULTIPLE CELLARS 
In many residential developments, small 
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Fig- 4-IS. Two-pass dipper excavation 


houses are built dose together in straight 
rows. Under such circumstances it may be 
economical to dig a wide trench straight 
through the block, and backfill between 
the houses after the foundations are built. 
In Figure 4-19 the digging is done by 
a dragline or a large dipper shovel which 
piles the spoil on both sides. Materials for 
foundations are trucked and piled on the 
floor of the trench. After the foundations 
■ire up, the piles are bulldozed around and 
between them, and the surplus used to 
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build up the grade throughout the area. 

Use of part of the spoil for raising the 
ground level decreases the depth of digging 
necessary. 

Another method of line digging is to use 
a dipper or tractor shovel, load all spoil 
into trucks, sell or dispose of part of it, and 
use as much as is necessary for back Hi ling 
spaces between other houses in the same 
development* 

A third method is to haul away all the 
spoil for use elsewhere, and obtain back' 
fill by dozer cutting on the uphill side of 
the houses. 

The first method requires at least partial 
backfilling as soon as the foundations are 
up, to provide access to building material 
The weight of the fill and of the large 
dozers commonly used, are likely to break 
in uncured foundations, particularly if they 
are not braced by first floor beams. 

Waiting for foundations to set will delay 
construction materially. 

A large dragline might be able to pile 
all the spoil on one side to allow access to 
the other. 

The other methods give immediate ac¬ 
cess to the front and back, and allow space 
for piling materials. Backfilling can be post¬ 
poned until the building is completed. 
Deeper excavation is required as the gen¬ 
eral grade is not raised by the dug material. 

Relative cost will depend partly on the 
value of the spoil removed, 

HAUL AWAY DIGGING 

Trucking Spoil. In large commercial ex¬ 
cavations of the haul-a way type, one of the 
most important considerations is arrang¬ 
ing for the disposal of the spoil, except 
when it is to be used as fill on the same 
project. It may be possible to sell it 
profitably, or it might be necessary to pay 
someone for the privilege of dumping it. 

Disposal arrangements may not only de¬ 
termine the price to be charged for the dig¬ 
ging, but also the time of staning the work. 



Fig, 4-19. Multiple cellar cut 

and the number and type of excavating and 
hauling units to be used. 

The distance to the dump may be much 
farther for the trucks than for a car because 
of restrictions on trucking on residential 
streets. An inspection should be made of 
the dumping site, and any price quoted for 
fill should contain provision for additional 
charges for dumping delays. 

Permits. An excavation contract should 
specify that the owner, or general contrac¬ 
tor, should be responsible for obtaining all 
permits necessary for the work. If the job 
is stopped because of failure to have such 
permits in order, the excavator should have 
the privilege of charging for the tied-up 
equipment on an hourly basis. 

Machinery. If the excavation is Large, the 
dipper slick is the preferred machine, un¬ 
less the pit floor is too wet or sandy for 
trucks. The dipper is the fastest loading 
machine. It can cut walls and floors with 
reasonable accuracy, and it is not hampered 
by obstructions just outside the digging 
line, or by rough or steep ground surface. 

When the cellar is small, wet, or sandy, 
a backhoe is better. Its smaller output is 
more than compensated by accurately cut 
edges, truck loading on top, and ability to 
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Fig, 4-20. Haulaway cellar job 

work without a ramp, If the hole is to be 
very deep, a clam shell will be used. 

Ramps. In most eases, the dipper shovel 
cuts a ramp down, inside the digging lines, 
which must be of such grade and material 
that loaded lrucks can clinib il, The grade 
may be between one on five and one on 
twelve, depending on the power of the 
trucks and the loads placed on them. The 
slope is made as gentle as the length and 
depth of the hole permit, so that larger 
loads may be carried and breakdowns re¬ 
duced. 

If the plot is sloped, the ramp should be 
cut in from the lowest point on the edge 
to which trucks have access. 

Earth ramps are generally removed im¬ 
mediately upon completion of the excava¬ 
tion they serviced. It is usually necessary 
to bring in a backhoe or a clamshell for 
this job, unless the yardage involved is so 
small that it is cheaper to dig it by hand. 
Low ramps can be loosened and partly re¬ 
moved by the shovel digging behind it as 
it moves out. 

Timbcr ramps afford less tractive resist¬ 
ance and better footing than earth* and so 
can be built with a steeper slope. They can 
be left in place during construction of the 
foundation for convenience in moving 
building material. However, timber work 
is so expensive that these ramps are largely 
limited to use in excavations that are very 
deep in proportion to their size. 


If space allows, the ramp may be dug 
outside of the cellar area. This involves 
extra digging and backfill,, but may be justi¬ 
fied if a dipper is the only shovel available 
and spoil can be piled near by t or when 
other work on or near the premises will 
produce enough spoil for backfill. Refilling 
cannot be done until the foundation is built 
and first floor umbers placed, and it should 
be carefully compacted so that it cannot 
soak up enough water to become a liquid 
mud and exert hydraulic pressure against 
the walk 

Pit Moors, The shovel may dig the floor 
of the pit exactly to grade, or may dig por¬ 
tions of it below grade, to allow room for 
disposal of spoil from hand dug trenches or 
removal of the ramp. 

Sometimes the whole cellar is dug to the 
bottom of the footings or piers, and suffi¬ 
cient spoil piled just outside the excavation 
to refill to cellar floor grade. A clamshell 
may be used to put the dirt back in the 
hole, and a bulldozer to spread it. A small 
bulldozer cun be lifted in and out by the 
clamshell. 

EXAMPLE 

Figure 4-20 shows a basement layout for 
a business building. The excavation is to 
be W by 120' for an 88' by 116' building, 
eighteen feet deep, in a level plot measur¬ 
ing 100' by 200', The structure will be 
against the sidewalk line, seventeen feet 
back from the curb, will touch an existing 
store building on the east, a ten foot drive¬ 
way backed by another building on the 
west, and a proposed parking lot. The foot¬ 
ings of the east building arc below the 
eighteen foot level, those on the west are 
twelve feet below the surface. 

The site has been cleared* but two large 
slumps have been left. The topsoil is of 
such poor quality that it will not be sepa¬ 
rated, The contractor owns a three quarter 
yard shovel with dipper, pull shove I p and 
danishcll attachments. This machine h 
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somewhat undersize for the job but may 
be used unless a premium is placed on 
speed. 

The dipper stick is used because of dig¬ 
ging and loading efficiency- The ramp is 
located at the street as there is no access 
to the other sides except through the drive¬ 
way, which is too narrow for heavy trucks 
and will be undermined by the digging. The 
ramp is next to the driveway, as if the other 
corner were used the store building might 
be damaged by collision or vibration. 

Moving In* Arrangements are made to 
prohibit parking in front of the work area 
before machinery is brought in. 

The shovel is unloaded from the trailer 
onto planks laid on the street to protect 
the pavement, or directly onto the sidewalk 
which is not protected because the trucking 
will destroy it anyhow. Digging is com¬ 
menced in the sidewalk, or at its rear edge, 
and sloped down at about a one on five or 
20 percent grade, in a cut thirty to forty 
feet wide. Trucks are first loaded when 
standing in the street, parallel to the curb. 
As the digging progresses, they arc backed 
across the sidewalk and down the ramp, as 
in Figure 4-21. 

It is necessary to have one man, prefer¬ 
ably two, assigned to prevention of tangles 
between traffic and trucks. These should 
be policemen, or contractor's employees 
authorized by tlie police to do this work. 

Trucks should be backed into both sides 
of the ramp, as in (B), and faced directly 
away from the shovel while being loaded. 
At least one truck should always be in 
loading position. 

Trimming. As the cut progresses, the 
foreman checks the left edge for accuracy. 
Because of the angle at which the bucket 
works, it cannot make flat cuts on the wall, 
and one or more laborers should trim the 
face, either working from the top or from 
the ramp surface beside the boom. Check¬ 
ing may be done by stretching a string 
along the digging line at the top, and lower- 
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Fig, 4*21. Starting large cellar 

ing another string to which a plumb bob 
is attached, 

Hank Height* The shovel would be able 
to lake the full eighteen foot depth in one 
cut but this would not be good procedure. 
The shovel cannot cut a straight face higher 
than the level at which the bucket teeth 
start to turn away from the bank, and the 
face above might overhang or break back 
beyond the digging line. Hand trimming 
h more difficult on a high face, and caving 
is more likely and more serious than from 
a lower one. 

The bottom is more likely to be muddy, 
or to contain rock outcrops than higher 
levels, and it is economical to remove as 
much soil as possible under good condi¬ 
tions, before tackling the difficulties. In 
addition, trucks hauling from an upper 
level have an easier climb to the street. 

Under average conditions, this job would 
be due in two layers or benches of about 
nine feet each. 

Bulldozer. A bulldozer may be used to 
advantage to dress up the rump and keep 
the pit floor smooth* and may be useful 
to push weak or overloaded trucks up the 
ramp. The smallest bulldozer can handle 
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Fig, 4-22, Culling first floor and ramp 


Lhc grading wort, but a medium or Isarge 
one would be needed for effective truck 
pushing. 

Trucks* Trucks with four to eight yard 
capacity are well matched to this size 
shovel, but anything from three to twelve 
yards can be used. Small ones can maneuver 
more easily and work well on certain types 


of soft ground. Large ones cause less traffic 
congestion, and under favorable conditions 
will move soil at lower cost, Sf the pit is 
wet or sandy T ah wheel drive machines are 
preferable. Trucks must be in good condi¬ 
tion to carry capacity loads up the ramp. 

First Cut In making the ramp, the 
shovel has worked straight ahead. Upon 
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reaching the floor level of the first cut, it 
may continue to the back wall, or it may 
first make a side cut, as in Figure 4-22 
(A), so that trucks can turn around in the 
pit. If it works straight through to the back 
wall* it is then walked to the foot of the 
ramp again to take another slice toward the 
back, as in (B), as double spotting of 
trucks is easier working away from the 
ramp than toward it. 

Once the pit floor is widened enough 
to allow trucks to turn, the digging may be 
extended in any direction so long as the 
shovel may be easily reached by trucks. 
Sooner or later the bank to the east of the 
ramp is dug away, and usually part of the 
ramp itself, leaving it wide enough for one 
truck only. Since there will eventually be 
an 18 foot drop off its side, it is wise to 
leave a generous width, and, if the stability 
of the soil is doubtful, to shore it up os 
well. 

Slumps, When stumps are encountered, 
the shovel should dig around them before 
tackling them directly. The depth of this 
cut is such that they can be undermined 
enough so that their own weight will help 
to break them out. Roots can be cut easily 
at a distance of a few feet from the trunk, 
and the stubs splintered back Many oper¬ 
ators will waste much time* strain their 
machines, and break cables by direct at¬ 
tacks on stumps which would shortly fall 
out in the ordinary course of digging. 

When the stump is loose, it should be 
knocked around with the bucket to loosen 
the dirt, then placed in a truck. The tail¬ 
board should be folded down or removed 
unless the stump is to be lifted off. With 
skill and luck, the shovel operator may be 
able to balance the stump on the bucket, 
then tip it off onto the truck. It may be 
picked up also by a chain. If it is too 
heavy for the shovel to lift, the dirt should 
be dug out of it by hand, and all possible 
wood removed from it by sawing and chop¬ 
ping. It may be blasted apart if necessary. 


Barricades. As digging approaches the 
sidewalk* barricades must be erected to 
keep spectators from climbing or falling 
into the pit, and from using any part of 
the sidewalk likely to cave in. These bar^ 
riendcs may be solid wood fences, or may 
be perforated so that sidewalk engineers 
may watch the work. The contractor may 
be able to build up local goodwill by en¬ 
couraging spectators. 

Furnishing adequate windows or peep 
holes reduces the dangerous practice of 
spectators standing in the truck driveways 
to watch the work. 

Finishing First Cut. The floor grade of 
this first drop is approximate, and a foot 
up or a foot down is not important as long 
as it is easily passable to trucks. However, 
the walls must be cut to whatever finish 
the job calls for. A good operator can cut 
a straight wall and an almost square comer 
with the bucket, but hand finishing is 
neater and saves machine time. 

Bottom Cut- When the first level is com¬ 
plete ramp cutting is resumed until the 
bottom is reached, as in 4-22 (C) T Trucks 
will drive down the upper section, turn on 
the upper level, and back down to the 
shovel. It is not necessary that the ramp 
continue in the same direction, but this is 
the most economical method where the pit 
h long enough. Any turn must be made 
very wide for the convenience of the trucks. 

Cutting of the lower level proceeds in 
much the same way as the upper, except 
that the strip alongside the ramp is left 
until the last for any bracing value that it 
may have; and the floor grade must be 
carefully watched. This is usually checked 
with a transit or a builder's level. If foot 
wall trenches below the floor level are re¬ 
quired, they may be dug by hand immedi¬ 
ately after trimming of the wall is complete, 
and the spoil moved to the shovel by bull¬ 
dozer or wheelbarrow, or spread on the pit 
floor. 

A somew hat gentler ramp gradient could 
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be obtained by using a diagonal or a zigzag 
ramp, as in (D). 

SHOVEL TEAMS 

Two Shovels This job is big enough to 
justify the use of two shovels of the three 
quarter size or larger. The second shovel 
might ramp down from the sidewalk along 
the east side, and cut through to meet the 
first one at the center. After this, one ramp 
might be used as an entrance and the other 
as an exit; or one might be cut away. Or 
the second shovel might be brought after 
the first one reached the upper level, and 
using the same ramp assist it on that level 
or ramp down to the bottom. 

Traffic* An external factor which may 
limit the number and size of shovels in 
such an excavation is traffic congestion on 
the street. This may create a bottleneck 
that would leave a line of empty trucks 
parked waiting in the street with the shovels 
half idle for lack of trucks to load. In con¬ 
gested areas, traffic may be one of the prin¬ 
cipal problems of the digging. 

Ramp Removal. When the digging is 
complete except for removal of the ramp, 
a hoe or a clamshell must be employed. 
This ramp may contain three to five hun¬ 
dred yards, a sufficient amount to make the 
use of the faster digging pull shovel (hoc) 
better than the clam. If the hoe has an 
effective downward reach of sixteen feet, 
it will leave a bit of the foundation of the 
ramp for hand labor; hut the clam T in tak¬ 
ing the whole ramp out, h apt to require 
a larger amount of hand labor assistance 
while working. Another factor may be that 
the shovel at this job with a crane (clam- 
shell) boom, might pick up extra work 
lowering materials into the excavation. The 
hoe rig is awkward to handle and to trans¬ 
port when dctached 1 so that it might be 
more economical to move the shovel to the 
yard to change over and bring it back 
than to pick up the hoe equipment, bring 
it to the pit, and take away the shovel from. 


The dam rig could be loaded on a truck by 
a chain hoist or a tractor loader and moved 
with little or no blocking. 

It might also be good business for Lhe 
contractor to hire a hoe or clam and move 
his dipper on to another job. 

Whatever machine is used, it will prob¬ 
ably stand on the ramp as it tears it up, as 
the driveway is too narrow for swing space, 
and for safety at such height. 

Teaming Dipper and Hoe, If two shovels 
are to be used for the whole excavation, 
it may be that the larger one of them would 
be a dipper and the other a hoe, although 
under the ideal conditions considered so 
far, it is not likely. Jn such a case, the dip¬ 
per stick ramps down on the building side, 
unless danger of vibration damage is un¬ 
usually severe. The strength ol the founda¬ 
tion wall might be checked, and permission 
obtained to brace it from inside if the 
weight of trucks on the ramp seem to 
threaten it. 

The hoe shovel is assigned to cutLing the 
north and west walls of the pit because of 
its ability to make a smooth straight cut 
without band trimming. It would prefer¬ 
ably start on the north side h cutting from 
east to west, keeping the line in the manner 
described earlier, and digging out as much 
of the center as could be conveniently 
reached, as in Figure 4-23 (A). The edge 
ditch should be made as deep as it could 
reach, but the rest of the digging only nine 
feet. The center digging is discontinued in 
the last few feet of the north line as the 
shovel is then backed up against the build¬ 
ing beyond the driveway, and turns to get 
in digging position on the west line. 
Whether this comer could be cut square 
would depend on the length and tail swing 
of the shovel, but in general, it could not. 
In any case, it could not be squared to full 
depth. 

The west line is ditched back to the side¬ 
walk, with some additional materia! moved 
from the center as in (C). The hoe can 
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then work a wide cut back from any con¬ 
venient starting place, taking care that its 
efforts, combined with those of the dipper 
stick below, do not cut oft its exit. 

The trucks carrying the spoil from the 
hoc may be loaded sideward to the shovel 
for safety p or from the back for conven¬ 
ience. If the body sides arc very high, load¬ 
ing will be inconvenient and spillage exces¬ 
sive, This difficulty may be reduced by 
loading directly behind the shovel, so that 
it will have to walk over the spilled mate¬ 
rial, which will raise it so that loading will 
be easier. This spillage needs some manipu¬ 
lation to make a smooth ramp, particularly 
if the soil contains boulders. 

Another method of loading trucks easily 
would be to start the cut at the sidewalk, 
making a ramp down for trucks wide 
enough so that a truck could be backed 
against one part of the face to be loaded, 
while the hoe digs beside it* 

When the combined efforts of the shovels 
have removed enough of the top cut so 
that there is room for both of them on its 
floor, the hoe shovel may be moved down 
to do the digging to final grade, while the 
dipper completes the upper cut, as in (D). 
Both shovels will be working on the same 
floor, but one will be digging material 
above, the other below. When the upper 
layer is finished, the dipper will leave the 
job to be completed by the other. 

The hoe will move from ten to thirty 
percent less dirt each hour than a dipper 
of the same size, a loss which may be only 
partly compensated by the straight wail cuts 
and the ability to take away the ramp with¬ 
out calling in another shovel or rig. How¬ 
ever, if certain difficulties develop, the pull 
shovel output will be unaffected, while that 
of the dipper will be sharply reduced, and 
the presence of the hoe is insurance against 
undue loss of time from such causes. 

GROUND WATER 

The most common difficulty is ground 


water. It may be in the form of springs or 
underground streams, or a nearly stagnant 
water table with capillary water moistening 
the soil for several feet above it. Wet soils 
usually turn to mud when loaded or dis¬ 
turbed and impede or bog down trucks. 

If the first level should have a firm floor, 
but water be encountered in the next layer, 
trucks would not be able to operate on the 
bottom without expensive aids, so that re¬ 
moval of this bottom layer with a dipper 
stick would be impractical. The hoe would 
not be bothered unless there were sufficient 
water to hide the bottom, in which case 
it would have to be pumped out. Special 
dangers connected with such pumping will 
be discussed below r . 

Information about underground condi¬ 
tions may be obtained from test borings or 
pits on the site; from people who have dug 
cellars or ditches in the neighborhood, and 
from geologists. Such data may predict with 
reasonable accuracy the depth at which 
mud, water, loose sand, or rock might be 
expected, and digging plans made accord¬ 
ingly. 

Special conditions might require taking 
off the ground in three cuts, or in one. The 
pattern should be such that the maximum 
amount of dirt would be dug by dipper 
slicks, on floors which permit trucking. 
When thin cuts are made the dipper can 
load trucks standing on the upper level, but 
the extra dumping height slows the digging 
and in some materials the bank would not 
be stable enough to support trucks. 

Under wet or sandy conditions the bulk 
of the digging may be done by a dragline. 
If the soil b soft, a three quarter yard 
might possibly cut to the eighteen foot 
depth, but for firm or hard soils, a very 
large machine would be required. The 
efficiency of a dragline would be greatly 
increased by ditching the north and west 
walls with a hoe or a clam, and working the 
drag back from these edges to reduce the 
amount of trimming required. 
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Drainage. Mud can be dried by draining 
or pumping the water II the storm water 
drain in the street is sufficiently low, ar¬ 
rangements should be made to connect with 
it before excavating, A ditch is dug from 
the pipe line in the street to a spot several 
feet inside the excavation area, and a pipe 
with sealed joints laid, opening into the 
storm drain. At the cellar cnd + a vertical 
pipe of tile or concrete sections with un¬ 
mortared joints or a perforated pipe is 
erected, as in Figure 4-24 (A) and (B). 
Sand or clean gravel is placed around the 
vertical pipe as the trench is backfilkd t or 
a wooden barrier is placed to prevent back¬ 
fill from closing the hole around it. 

Each floor made during the digging 
should be sloped to drain to this pipe, 
which can be opened at any level 



Drainage 

This installation will also serve to re¬ 
move some ground water from the site, 
before excavation. 

A general lowering of the water table 
may be obtained by ditching on the three 
open sides, as in (C), or ditching the center 
also, as in (D). The edge ditches make the 
digging easier but the interior trenches 
complicate it. Heavy wood mats are re¬ 
quired wherever shovels or trucks cross 
them, and these are expensive to build aud 
a nuisance to handle. 

If the storm water drain is not low 
enough to be useful similar ditches may be 
dug and connected with a piped or open 
sump from which water can be pumped 
to a catch basin in the street. 

An overloaded storm drain may push 
w^ater into an otherwise dry excavation. 
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unless a check or shutoff valve is provided. 

Well Points, A satisfactory but expen¬ 
sive way of predraining the area is to use 
well points, which are discussed in the 
next chapter. Points may be driven out¬ 
side of the digging line on the north and 
west, and probably h by special permission, 
in Lbe sidewalk. Seepage from the east 
might be blocked by the building. If not, 
arrangements should be made to put well 
points in ils basement. 

Open Pumping. Digging may be done 
without predraining and water pumped out 
of the hole as it appears. If the water is 
very dirty, and quantities are small or mod- 
derate, a diaphragm pump should be used. 
If the inflow exceeds the capacity of a di¬ 
aphragm, about 1,500-3,000 gallons per 
hour, several may be used. More often, in 
holes of this size, centrifugal pumps are 
employed. Best result will be obtained by 
locating centrifugal pumps as close to the 
water level as possible, as their push h 
more efficient than their pull. Holes should 
be dug so that the inlet will be a foot or 
more below the water surface. Sucking air 
in shallow water may he reduced by float¬ 
ing a piece of board over the inlet, where 
it will block the formation of whirlpools 
which would conduct air down to the inlet 
center, or by arranging the hose so that 
it rises vertically out of the water. 

Pumping may be done on a 24-hour day 
basis, or only during or just before digging 
operations. If pumps are to be shut down 
overnight and holidays in very wet holes, 
it may be wise to lake them up each time, 
or to put them on floats for protection 
against unexpected rises in water level - 
Other equipment should be moved up to 
a safe level when work is shut down at the 
end of the day. 

Caving. Caving of banks and undermin¬ 
ing of adjacent structures must be guarded 
against, particularly in connection with 
pumping. Caving banks involve hazards to 
men and equipment, and to adjoining struc¬ 


tures, and increase the amount of excava¬ 
tion and backfill necessary. 

Some materials, such as dry sand, will 
not stand in vertical walls, and digging must 
be figured to include natural slopes from 
the foundation line outward to the surface, 
or provision made to drive sheeting, or 
erect other barriers, to hold it from sliding. 
Sands or sandy soils containing the right 
amount of moisture will stand vertically, 
but they cannot be trusted, as drying will 
result in surface disintegration and sliding, 
and heavy rainfall may increase their 
weight and undermine them by washing 
grains out at the bottom so that massive 
caving will foliow. 

Silts, clays, and loams usually stand well, 
if not too wet, but if resting on a saturated 
layer draining into the excavation, may be 
undermined so as to fall. Vibration of ma¬ 
chinery or street traffic may cause clay to 
creep or How, 

Gravel may stand or may slide, depend¬ 
ing on the shape and grading of the coarse 
particles, presence of cementing material, 
and the amount of fines. Angular gravel 
of several sizes, with just enough fines to 
stick it together, will stand wet or dry un¬ 
less subject to excessive water flow, or wave 
action. Very clean gravel, particularly if 
it includes a large proportion of cobbles 
and rounded pebbles, may slide in much 
die manner of dry sand. 

Causes of Caving. Danger of caving con¬ 
tinues for days, or sometimes weeks after 
the cot is made. In its natural state the soil 
is in both static and dynamic balance— 
static because of inertia and the manner in 
which its particles are fitted and stuck to¬ 
gether, and dynamic because the weight 
overlying soil or structures exerts a side¬ 
ward as well as a downward thrust, which 
is met by equal counter thrusts from sur¬ 
rounding soil on the sides and below. 

When a cut is made, the soil pressure 
toward it is balanced only by the soil 
inertia. This may hold it permanently in 
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place, or the pressure may deform the 
soil and cause breaking apart and rearrange¬ 
ment of its particles, gradually weakening 
it until it falls. The effect may be likened 
to the collapse of a building under the 
weight of snow on its roof, which may oc¬ 
cur boors or days after the storm and even 
after part of the snow is gone. 

Ground water is very effective in both 
holding and bringing down banks. White 
in very thin films it serves as a glue or 
binder, )n contact with clay minerals it 
forms a lubricant, making it easier for parti¬ 
cles to change position in response to pres¬ 
sure to such an extent that certain plastic 
clays will flow slowly. In larger quantities, 
water will seep or flow through the soil 
carrying fine particles with it and cutting 
minute channels that weaken the structure. 
The flow of water is much slower through 
soil than through an open ditch, and it 
exerts pressure proportional to the restric¬ 
tion of flow. 

If the water is allowed to stand in the 
excavation at its natural level it will cease 
to carry particles out of the bank, and will 
exert a back pressure against the bank that 
will tend to hold it in place. However, this 
will not prevent the part of the bank above 
water from creeping under soil pressure or 
absorption of capillary water, and wave 
action set up by wind or dropping of stones 
or clods will cut into the bank at water 
level and undermine the lop. 

In general, where unstable soils or abun¬ 
dant ground water is expected, open exca¬ 
vation should not be done until prepa¬ 
rations have been made to build walls 
immediately after its completion; and if 
construction is delayed, it is better not to 
keep it pumped dry. 

Side Effects of Dewatering. Often the 
most serious aspect of removing water from 
an excavation is the effect on adjoining 
property. Water makes up a substantial 
part of the bulk of some soils, and its re¬ 
moval, together with any soil it carries. 



Fig, 4-25. Bracing 


sometimes causes shrinkage, with settle¬ 
ment of the surface and overlying structures. 
Damage to structures may also be caused 
by creeping of plastic soils from beneath 
them into the pit, 

SHORING 

Wall Bracing. Movements of soil into a 
pit can almost be stopped and water intake 
reduced by the use of timber bulkheads 
or sheet piling. These are required by law 
in many cities, and are often good, although 
expensive, insurance against costly repairs 
and underpinning- 

installing such bulkheads is a highly 
technical operation, involving knowledge of 
soil behavior, engineering calculations, and 
skilled personnel- There is sufficient space 
available in this volume for only a brief 
sketch of general methods. 

Bracing Stable Soil. Figure 4-25 illus¬ 
trates installation of thorough bracing in 
an excavation where a short section of face 
will stand for a while without support- A 
lone section is cut back by the shovel to 
a slope which is expected to be stable, (A) 
and IB). Then a short section, perhaps ten 


4-27 














SHORING 



butt 



Lj 

lJ 

If 1 

i i 


1 

[ L 

Wn* u« r 

n 


-- 


n 

* * 

c 






* i 

% 

b 

r 








V H 

Alt R 



I 



i f 1 1 1 i 


J fi I m-s 



1 1 

_ 




W H A L C R 

c 



w a l t n 

1 i 

n 



Fig, 4-26, Detail of bracing 


feet, is cut and trimmed to final shape, (C). 
Sheeting plank, 12" by 3" or heavier, is 
placed vertically against the dirt wall. This 
plank should be Jong enough to reach a 
foot or two below the bottom of the pit, and 
one or two feet above the ground surface* 
Bottom penetration may be obtained by 
ditching, or by driving the planks down 
with an air hammer fined with a special 
head for the thickness of plank used. 

Horizontal timbers, called whalers, arc 
placed along the face of the sheeting, being 
temporarily supported on cleats nailed to 
the planks The whalers should be 6" x 6" 
or larger, and should not be more than five 
feet apart vertically. 


Beams or plank mats called heels are 
placed on firm, undisturbed soil in the pit 
floor, sloping down toward the wall. These 
are used as abutments to take the thrust 
of the breast timbers that extend from the 
heels to the whalers. These should be 
JO" x 10" or larger. Each whaler must have 
two or more breast timbers, spaced five or 
more feet apart. If the heels are firm, the 
spacing of breast limbers can be increased 
by using heavier whalers. 

While this bracing is being installed, an 
adjoining section of the wall is trimmed. 
This is braced in the same manner and the 
work continued in successive sections. 

The sections may be lied together in 
several ways. The breast limbers may be 
placed against the whalers where they are 
butted together, as in Figure 4-26 (A) t 
with or without the plate shown. The joints 
in different whalers may be staggered, as in 
(B), or may be overlapped, as in (C} + 

Nailing is kept to a minimum to avoid 
damage to the lumber. The bracing is dis¬ 
mantled after the foundation is placed and 
the material removed for re-use* The sheet¬ 
ing is usually pulled by a crane or pile 
driver equipped with a special clamp for 
gripping the top of the planks. 
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Unstable Face. 11 the soil is so unstable 
that it cannot be trusted to stand even in 
short sections, the sequence shown in Fig' 
tire 4-27 may be followed. A trench is dug 
with the outer edge at the digging line, This 
is braced with sheeting, whalers, and sheet¬ 
ing jacks in the manner described in Chap¬ 
ter 5, except that planks arc left out of the 
sheeting on the inner wall at regular inter¬ 
vals. 

Additional trenches arc now dug into 
the excavation at right angles to the edge 
ditch. Heels are placed in them at or below 
Boor level, and breast timbers ran from 
the heels to the whalers on the oat wall, 
through the spaces in the inner sheeting. 

The din between the breast timbers is now 
dug out, usually with a clamshell with 
laborers assisting, and the sheeting jacks 
and inner wall bracing removed. 

Steel piling may bo driven along the 
digging line instead of digging the braced 
ditch, The breast limber ditches are dug 
in the same manner as described. A ditch 
is then dug on the inner side of the steel 
piling, and a whaler and breast timbers 
placed, Digging is then carried down to the 
level of the next whaler, which is placed 
and braced. 

Steel piling docs not require as close 
spacing of the whalers as wood sheeting. 

A single whaler near the top is often suffi¬ 
cient. and in some coses it is not braced at 

all. 

Cofferdams, When dry excavation is 
carried a considerable distance below the 
water table without dewatering the area, 
the heavy walls constructed to keep out 
soil and water arc called cofferdams. The 
bracing structures already described can 
he included in this term. 

Cofferdams consisting of a single row of 
interlocked steel piling, with interior brac¬ 
ing, have been used for depths up to 60 
feet, although ordinary practice limits them 
to 40. They may be installed by hammer¬ 
ing the piling in undisturbed ground until 
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it reaches bedrock, or to sufficient depth 
below the excavation floor to be considered 
safe. All the sections should be placed and 
driven to moderate depth before any of 
them are driven all the way, to make sure 
that all joints interlock properly. 

Excavation is likely to be done by clam¬ 
shells, Bracing is placed against the inside 
of the wall as it becomes exposed. 

If the soil is very porous, great difficulty 
may lie experienced getting the water down 
the first few feet, as the joints between sec¬ 
tions leak quite freely until forced together 
by water pressure. More or larger pumps 
may be used at this stage of the job than 
at any later time, it may be necessary to 
trench outside the wall to place a clay seal 
part way down, or to partially seal the 
fiOil with cement grout, 

Porous soil under the bottom of the wall 
may permit excessive quantities of water 
and sand to boil up in the bottom of the 
excavation as final grade is approached. If 
the bottom is in clay, but porous soil is 
immediately below, the job may proceed 
easily, and then suffer from a sudden and 
disastrous blow-up of the bottom, 

The double wall cofferdam is a more 
elaborate structure, which provides means 
to combat the problems encountered, and 
to work at greater depths. Two rows of 
steel interlock piling are driven. The space 
between them may be excavated wet, and 
the bottom concreted to form a good seal 
against a rock bottom and to protect the 
ends of the piles from being bent in a 
blow-in by water pressure. The walls may 
or may not be cross braced to each other. 
They are filled to the top with clay or other 
soil. 

An area protected by a cofferdam may 
be dug wet, in which case the structure 
serves to prevent soil from slumping into 
it. 

Caissons- A caisson is a structure which 
serves to keep soil and water out of an 
excavation, and forms part of the perma- 
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nem structure for which the excavation is 
made. 

A simple type of open top caisson, and 
stages in its growth, arc shown in Figure 
4-28, A hollow square, ring, or other shape 
is made of reinforced concrete, with the 
bottom tapered to an inside edge. If the 
work starts on dry ground, it may be both 
in a shallow excavation where it is to be 
used. If the start is under water, it is made 
elsewhere with wails high enough to keep 
out water when it is lowered Into place. 
Transportation is usually by barge. 

The caisson is lowered by digging inside 
to undermine it, and building the top to 
provide more weight, and to keep it above 
ground or water as it descends, Most of the 
digging is done underwater, and it is a very 
ticklish job to do it accurately enough so 
that the caisson will sink straight. When it 
comes to the bottom, investigation must be 
made to determine whether it is on bed¬ 
rock or boulders. If the rock surface slopes, 
concrete must be pumped underneath to 
give it firm bearing on the low side, 

The pneumatic caisson has an air tight 
cap over the bottom, with sufficient air 
pressure maintained under it to keep water 
out. Air locks and chambers are provided 
for entrance and exit of men and material, 


Much of the digging is done by hand, and 
in deep work at high pressures men may 
be limited to less than an hour of work at 
a stretch, with long periods spent in enter¬ 
ing and leaving the high pressure work 
chamber. Depths up to 100 or JI0 feet can 
be reached. 

Pneumatic caisson excavation is ex¬ 
tremely expensive, but it is more positive 
in results than the open top method. It is 
the only practical procedure in ground 
which is very irregular in structure, or 
which contains boulders, tree trunks, or old 
piling. 

ROCK 

Bedrock. If bedrock is encountered that 
i$ too hard for the shovel to tear apart it 
must be blasted. Generally it is best to 
complete the earth excavation first, to re¬ 
veal the full extent and as much of the 
grain and quality of the rock as possible, 
before going to work on it, 

Sometimes, however, drilling and blast¬ 
ing arc started as soon as the rock is found, 
and the shovel doing the earth excavation 
can be utilized for handling logs or blasting 
mats. This may save shovel time, as under 
aty conditions it is not often practical to 
blast rock fast enough to keep a shovel 
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busy, and a shovel whose only Julies arc 
handling mats and removing blasted rock 
is likely to be idle most of the time. On 
ihe other hand, earth hauling trucks will 
be stopped white the shovel places mats 
and during blasting. 

Hoc shovels and small dozers are good 
machines for cleaning the bulk of earth off 
ledges, but there is almost always need for 
hand work also. 

Procedures for the rock blasting and re¬ 
moval are outlined in Chapter 9 However, 
it should be emphasized that blasting near 
streets and buildings is a much more dan¬ 
gerous and specialized job than the same 
work in a quarry or a country highway 
cut. Elaborate precautions must be taken 
to prevent material from Hying, and targe 
blasts, or small blasts following each other 
quickly at regular intervals, must be 
avoided because of danger of concussion 
and vibration damage to nearby buildings. 
Jobs must be inspected in advance by the 
insurance company in order to set a rate in 
line with the risks. 

Boulders. The presence of boulders 
slows digging. If they are numerous and 
of such size that they must he lifted indi¬ 
vidually by chains, or broken up before 
handling, they may be more expensive to 
dig than a uniform mass of bedrock. 

Clamshell, and more particularly orange 
peel buckets, handle boulders up to the lift¬ 
ing capacity of the shovel very readily, Jf 
they are not available, chains, cables, or 
slings may be used for stones too large or 
misshapen to be handled by a dipper or hoe 

bucket. 

Chains should be of the lightest size that 
will lift the weight, as a thin chain grips 
rock much more closely than a thick one. 
Undersize chains break frequently, and 
spares and repair links and hooks should 
be kept on hand. 

Alloy chains arc expensive but are small 
and light in proportion to strength. 

Small cables grip rock well but wear and 
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Fig. 4-29. First cut in a down slope 

fray rapidly, so that sharp ends of broken 
wires make them dangerous to handle. 
Slings may be mode of several strands of 
light cable or chain, and combine the grip 
of small sizes with the strength of large 
ones. 

Boulders may be broken by blasting but 
in city areas mud capping is not permissi¬ 
ble. Splitting may also be done with sledge 
hammers, air hammers, or drills and plug 
and feather sets. 

HILLSIDE SITES 

Downslopen So far we have considered 
excavation in a level plot. As the cellar 
depth is calculated from street or sidewalk 
level a downward pitch to the rear would 
decrease the amount of excavation, and an 
upward one would increase it 

If the lot slopes down to the north, as 
in Figure 4-29, the natural grade can be 
cut to the proper slope for a ramp by a 
bulldozer, and the material removed used 
to build a flat shelf at the first cutting level 
on which the shovel and trucks can start 
work. If insufficient dirt is cut in making 
the ramp, the shovel can dig into the hill 
and sidecast below* to build it up to the 
desired size. 
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truck road and turn around into one side 
of the lot. Loaded trucks will no* move 
downhill and maximum loads can be car¬ 
ried. 

It may be difficult for the empty trucks 
to turn on the slope and to back uphill 
particularly in sloppy going. If the shovel 
first digs a wide shelf as in Figure 4-31, 
the trucks can turn on it, and another road¬ 
way can be graded later for exit so that no 
uphill backing will he necessary. 

Cue and Fill Digging. Figure 4-32 shows 
the same sloping lot with a retaining wall 
built along its back lines. The spoil from 
the cellar is to be used to fill up to this 
wall for parking area. 

A dipper shovel and (rucks may still be 
effectively used for the digging, but the 
short haul makes possible the use of other 
machines. 

However die soil is moved, it should be 


Excavation is carried back to die side 
of the ramp and to the south and west dig* 
gitig lines, in any convenient manner, while 
the bulldozer shapes the bottom level, mak¬ 
ing a flat space as before. 

When the shovel starts work at the bot¬ 
tom, Figure 4-29, the excavation and ramp 
removal are carried out in the manner de¬ 
scribed earlier. 

If two shovels are used, one can work 
on each level. The upper one should work 
across to the cast side and finish it first, 
so that the one on the lower level can work 
in without cutting it off. 

It is unlikely that a back hoe would be 
used on such a job, except in removing the 
ramp, unless mud conditions are encoun¬ 
tered. Sometimes soft footing can be eco¬ 
nomically handled by surfacing the truck 
road with gravel, crushed stone, or drv 
fill 

iioilum Access* It may be possible to ar¬ 
range for the movement of machinery and 
trucks into the lower end of the lot, as in 
Figure 4-30. A bulldozer may then cut a 
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SCRAPERS 


spread in thin layers and thoroughly com¬ 
pacted by rolling in open spaces, and tamp¬ 
ing where rollers cannot reach. This will 
prevent serious mud difficulties during the 
work, possible damage to the retaining wall 
from pressure or fluid mud after heavy rain, 
and excessive settling of the finished fill. 

The average length of push is about one 
hundred and twenty feet, very slightly 
downhill, This is within the economical 
range of medium to large bulldozers, or 
small scrapers, but assistance will be re¬ 
quired from a dozer shovel or hand labor 
to cut out the south comers. The equip¬ 
ment should be small enough to leave by 
the driveway when the job is done. 

A dozer first cuts a shelf, level or slop¬ 
ing opposite to the hill at the top, just 
below the sidewalk. This is done by digging 
along the edge line until a bladeful is ob¬ 
tained, then turning downhill, lifting the 
blade at the same time, so that the fill is 
built higher than the cut to allow for com¬ 


paction. Pans (scrapers) can be used to 
cut down this shelf as soon as it is a few 
feet wider than they are, but a dozer will 
be needed to keep the walls trimmed back 
to a vertical, The dozer can also cut much 
further into the corners than the pan by the 
process of gouging and then swinging out. 

The dozer shovel can square the comers 
by working against one side, parallel to it, 
and digging into the bank until the other 
side of the comer is reached. The spoil is 
picked up, moved back, and dumped in 
the path of the pans. Best work can be done 
if the comers are kept cut down within a 
few feet of the level on which the pans arc 
working. 

The scrapers may be kept moving in a 
rotary path, as in Figure 4-33 digging at 
the south end, and dumping and spreading 
along the retaining wail. As the fill rises, 
it will enlarge to the south. At the same 
time, a bulldozer can be working down the 
center section in the soil to be moved the 
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Fig. 4-34. CcElar digging in a hill 


shortest distance. This dozer maj also take 
care of trimming the fill for the pans and 
pushing it into the comers. 

A tractor-drawn sheepsfout roller should 
he kept moving over the Till in both pan and 
dozer sections. Hand, gasoline, or air tamp¬ 
ers should be used along the wall. 

The parking lot fill, and that needed in 
the rear part of the driveway, cannot be 
placed on the south side until the founda¬ 


tion of the building is in place. Material 
needed for this can be piled on the edge, 
read) to be pushed in place. 

The sidewalk edge of the pit might also 
be cut b) a clamshell standing on the side¬ 
walk. The dirt could be either loaded into 
trucks or cast out into the pit in reach of 
the pans. 

If additional fill is needed in the parking 
area, it should not be trucked in until the 
building foundation has set long enough 
to give support to the driveway. 

Hill Removal, it often happens that the 
building site slopes up from the street, 
sometimes very abruptly. The hill must be 
removed, in layers if it is high enough, be¬ 
fore digging down from the street. 

Figure 4-34 shows one such situation. 
The first cut starts above street level so a 
ramp is dug up to it. When the top has 
been removed, digging is started at the 
street level, and the underground cuts taken 
afterward. Two or more shovels can work 
on the job, usually on different levels. 

The upper cuts should be sloped so as 
to drain toward the street, but not steeply 
enough to cause gullying and washing of 
dirt onto the street, as the contractor is re¬ 
sponsible for any damages caused by the 
work. 
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ditching 


Drainage by ditching is a very ancient 
type of excavation, and even drainage tun¬ 
nels were built in prehistoric times. The 
purpose of this work was generally recla¬ 
mation of land for agriculture. 

Modem advances consist largely in the 
use of machinery for ditching, some im¬ 
proved types of pipe, and use of pumps 
to dewater areas that cannot be readily 
drained by gravity flow. 

The most important dry ditching ma¬ 
chines are hoc and clamshell attachments 
for revolving shovels, and whec. and ladder 
type ditching machines. In soft swamps, 
draglines are the preferred tool. Dipper 
sticks, draglines, graders, and bulldozers 
may be used for shallow trenching in the 
dry. 

A bucket used in cutting narrow ditches 
should be wider at the cutting edge lhan 
at the back, cither through taper of the 
sides or attachment of side cutters, so that 
it will not bind between the walls of the 
ditch. 

BACKHOE WORK 

Ditching with a hoe (dragshovel) is 
easiest and neatest if the ditch is the same 
width as the bucket cut. This permits the 
machine to stand over the center tine with 


the tracks parallel to it, as in Figure 5-1 
(A), and dig a straight sided ditch by 
peeling the dirt off in layers. 

When the desired depth is obtained along 
the space the shovel car reach, it is walked 
away from the ditch from two to twelve 
feet, and a section of that length excavated. 
Short moves are made in connection with 
deep ditching, cutting the bottom to an 
exact grade, or cutting curves; longer moves 
arc feasible for rough shallow work. 

Curves. Curves arc dug as a succession 
of short, straight ditches but a skilled oper¬ 
ator can bevel the edges to produce a 
smooth curve. The machine stands with 
its center a little outside of the center line, 
and digging is done in the outer half of 
the bucket reach. Moves are short. 

Angles, Many kinds of pipe require Lay¬ 
ing in straight lines and angles rather than 
curves, and trenches in which they are to 
be placed are dug accordingly. Angles are 
made by digging slightly psst the angle 
point, then shifting the shovel to straddle 
the new center line, as in (B). 

Spoil Tiles. Spoil from the ditch is usu¬ 
ally piled on one side, far enough back 
to allow a footpath or working space be¬ 
tween it and the ditch. If a large volume 
of dirt is being moved, the pile must be 
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Fig. 5-1. Lining up a hoe 



pushed back by the bucket as ii is built, and, inches, and preferably a foot, back from 

in addition, it may be necessary to allow the digging side lines to avoid damage, 

the spoil to come to the edge. Piling on Guides, Sod removal serves as an excel - 
both sides is usually avoided because of lent and unmistakable indication of the 
backfilling work. It does serve to block off location of the ditch, otherwise a line of 

the ditch so that people are less likely to pegs low enough to allow the shovel to 

walk into it absent mi ndcdly or in the dark, walk over them may be used. The shovel 

although it is not adequate barricading. is lined up over the ditch in the same man- 
Topsoil, If topsoil is to be saved and put ner as described for cellars in the previous 
back on top of the other fill, it may be chapter, except that if digging is done to 

piled on the opposite side of the ditch a center line, center marks must be placed 

from the deeper digging. If the volume of on the dead axles, 

the spil is not large, the topsoil may be Side Dicing. A hoe should be worked 

placed on the same side as the fill, but away from the end of the ditch that is 

farther back, so that when a dozer backfills, blocked. In ditching from a house to the 

the topsoil will be next to the blade and street, it starts at the house and finishes 

will reach the ditch after the fill. In the open space of the street. However 

lopsoil is salvaged during the digging it often happens that a ditch must be dug 


by scraping it off first, and bringing the 
bucket as near the shovel as possible on 
the last bite. The body of the ditch is then 
dug, with the bucket lifted out short of 
its closest position. There should then be 
a foot or two between the ridge of topsoil 
and that of fill, as in Figure 5-2. When the 
shovel backs away, it can dig the pile while 
stripping the next section. 


between two buildings, or under other 
circumstances where both ends are blocked. 

The simplest method of accomplishing 
the necessary turnaround is to dig the ditch 
from one end, then from the other, having 
them meet at some spot where the shovel 
can move off to the side. The digging of 
the second section should be stopped while 
there is still comfnrtHhii* mnn *_ 
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Fig, 5-3, Connecting trench sections 
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lions by digging at right angles to them. 

This method involves making a connec¬ 
tion which is very wide in proportion to 
depth, and is therefore wasteful of machine 
time T unless a spot is chosen where use 
can be made of the width, as in building 
a pump house or manhole. 

Overlapping. If the soil is firm and the 
ditch narrow, the ditch may be overlapped. 
In Figure 5-4 (A) the shovel in digging 
the first section of the ditch has piled the 
spoil well back from the edge. Lt then 
can start at the opposite end of the dilch 
and cut until it is connected with the first 
section* which it straddles for the last part 
of the digging (B), Logs or beams are then 
placed across the ditch, as in (C), and may 
be cut down into its sides. Railroad ties 
are excellent for this job. The shovel is then 


turned so that the track next to the spoil 
pile will walk across the ditch on the 
beams. This turn may be sharp to increase 
the bridging action of the track itself and 
reduce weight on the beams; or it may be 
gradual to reduce danger of caving. 

If the ditch line includes an angle, the 
crossing should be made there as it enables 
the shovel to walk across with less turning. 

Wide Ditches* When a ditch is to be 
more than one bucket width, one or both 
edges will be slightly uneven because the 
bucket will move inward, toward the center 
pin of the shovel. Usually one side is made 
straight by lining the shovel to that side, 
and the hacking done on the other side. If 
neatness is important, the ridges can be 
smoothed by drawing the bucket in while 
lightly swinging against the edge. 

The full width of the ditch should be 
taken oil in Sayers if it is to be dug from 
one position, rather than cutting one side 
to depth then starting on the other. 

A ditch with (wo straight sides may be 
made by lining the hoe up to cut one 
straight side, and completing digging that 
can be reached from that position. The 
shovel is then moved back and maneuvered 
into position to cue the other edge straight, 
repeating this operation with each back¬ 
ward move* This works best when the ditch 
ts two or more bucket widths. 

If sloping beds of shale are encountered, 
digging should be arranged, if possible, $o 
that the bucket teeth will cut along the 
bedding planes, as in Figure 5-5 k 
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Fig- 5-6. Wide dragline ditch 


Shale dug in this manner at moderate 
depths is apt to come up in sheets so that 
the ditch will be widened irregularly, 
Production. In shallow trenches with 
spoil piled at one edge cycle time is fast* 
15 seconds or better, but the bucket fills 
poorly and frequent moves take lime. 

In narrow ditches yardage per fool is less 
but bucket efficiency is low. In deep work 
the bucket fills well and moves are in fre¬ 
quent p but the cycle is slower* 

In good ditching conditions, the hoe may 
move from 50 to 100% as much dirt as a 
dipper shovel loading trucks. Figure 13-72. 

Separating topsoil, digging hard soil, 
cleaning off rock* watching for pipes or 
conduits* and cutting curves and angles 
take longer, in soft ground speed depends 
on the crew setting the bracing. 

OTHER SHOVEL RIGS 

('him* he Ik A clamshell ditches best when 


on the center line. If the ditch is narrow, 
the tagline: chains are fastened to one jaw, 
or for a very wide cut, to both jaws, A 
ditch of intermediate width is made with 
the chains in the one-j aw position, and the 
soil is taken out in layers. 

Connections are easily made in narrow 
ditches by attaching the lagline chains to 
both jaws after completion of the main 
ditch in sj t and digging the connection from 
the side. Whole ditches may be done from 
the side in this manner, but it is harder 
to keep on the correct line. The side po¬ 
sition is desirable in deepening an existing 
ditch, or in digging beside a wall 

Smooth curves may be dug either by fre¬ 
quent readjustments of the position of the 
shovel, in the same manner as with a back- 
hoe, or by having a man on the ground 
twist the bucket into proper position by 
pushing i[ by hand or with a slick as it is 
about to touch the ground. 
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Dragline, The dragline h the preferred 
shove! for ditching in swamps, and for mak¬ 
ing ditches with sloped banks when the 
spoil is to be piled alongside. It works 
along the centerline of the ditch, as in 
Figure 5-6 (A) 7 cutting the bottom and 
slopes in one operation. If the ditch is too 
wide for this t two cuts are made from the 
sides 3 as in (B) and (C)< 

If the fill is to be trucked away, a drag¬ 
line or a backhoe may be used in this man¬ 
ner. Draglines may have difficulty digging 
hard earth which the hoe would move 
easily. 

Dipper Stick. The dipper can dig 
trenches four w seven feet in depth from 
the top, or wide trenches from the inside. 
A neat ditch may be dug from the top by 
straddling it, if the soil is very firm, or if 
support platforms are used. Trenching may 
also be done besi de and para lie I to the 
shovel's path, but this involves quite a 
wide cut in proportion to depth and is diffi¬ 
cult to trim. 

Interior digging conforms in general pat~ 
terns to that discussed for cellars in the 
previous chapter Part swing shovels can 
dig narrower slots than conventional mod¬ 
els* as they do not need space for tail 
swing, but they cannot bad trucks behind 
them. 

Comparisons, The hoe is the best ma¬ 
chine for ditches of moderate depth and 
width where boulders or stumps may be en¬ 
countered, It will break up heavily frac¬ 
tured hard rock, and soft or thin bedded 
shale, and dig very hard soils if the bucket 
teeth are long and sharp. It can dig out 
large boulders by widening the trench as 
much as necessary, and dragging them up 
the slope toward itself. The ditch can be 
easily curved around boulders too large to 
lift or pull. 

The dam h a slower machine but is able 
to dig to any depth desired, and can work 
close to obstructions, except overhead ones. 
If fitted with a bucket of sufficient weight. 


it will dig hard soil and soft rock. It can 
pick up moderate size boulders in its 
bucket, and lift larger ones up to its ca¬ 
pacity by chaining. 

DITCHING MACHINES 

Ditching machines are often preferred 
for use in localities where boulders are rare 
or lacking. They dig by continuous picking 
rather than by the dig and dump cycle of 
the shovel. They work rapidly; make a 
neat ditch, usually with a curved bottom 
which is helpful in lining up pipe; cun work 
with less headroom and do not need space 
to swing. They can dig certain classes of 
homogeneous soft rock which a shovel can¬ 
not, and will not tear up the banks in soft 
shale. Buckets may be obtained in various 
widths, including sizes much narrower than 
practical for a shovel bucket. A ditcher 
cannot readily make a ditch wider than the 
longest rideeutters available for the buckets 
it h using, unless the boom is built to hold 
iwo sets of ladders and buckets. 

Ditchers can be equipped with shoes or 
reels to lay tile or flexible conduits immedi¬ 
ately behind Lhc digging so that shoring is 
not necessary. 

Operation of these machines is discussed 
in Chapter 14, 

Graders and Dozers* Graders can make 
shallow ditches with sloped sides rapidly 
and neatly. 

The road building processes described in 
Chapters 8 and J9 involve ditches which 
serve to produce road flli 

if a ditch is to he dug by a grader with¬ 
out building anything with the spoil, the 
same processes can be followed with the 
spoil cast in both directions. 

The bulldozer can dig a wide, shallow 
trench from the side, as~ shown in Figure 
5-7 (A), The volume of excavation re¬ 
quired increases very rapidly with depth 
because of space needed for ramps. 

When the practical limit for side excava- 
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Fig- 5-7. Bulldozer ditching 


tion is reached, the dozer can work in the 
ditch, pushing din into heaps, which it 
then pushes to the side, as in (B> and (C). 
An angling dozer can excavate by side 


casting in the same manner as a grader, 
but it may be harder to keep lined up. 

ROCK 

Stripping, Ditches frequently encounter 
rock that is too resistant to be dug by 
the available equipment. Occasionally the 
line of work may be shifted, but it is 
usually necessary to blast. 

Dirt and rotten rock are removed by 
conventional methods. Spoil should be 
piled far enough back to allow space for 
the drilling equipment, and for the shovel 
when it returns. 

After machinery' has removed the soil, 
the rock surface should be cleaned by hand. 

If the trench walls are liable to crumble 
and slide from drilling vibration, they 
should be shored up, even if depth is shal¬ 
low. 

Opencut blasting is described in Chapter 
9, Trench work differs chiefly in the re¬ 
stricted working space, and in the fact that 
all shots are tight. Loading must be fifty 
to one hundred percent heavier than on 
wide faces. 

Drilling. Jackhammers can be used with 
the operator standing on the rock, or on 
the around surface beside the ditch. Wagon 
drills are stationed on the bank. Special 
ditching drills may be suspended over the 
work hv cranes. 

Several drilling patterns for three or four 
foot widths arc shown in Figure 5-8. In 
each of these blasting is done back from an 
edge or face of rock exposed by digging, or 
bv previous blasting. 

The distance or length of ditch that can 
be blasted in a single shot depends on the 
near presence of buildings, whether it is 
permissible to overbreak the sides, and 
whether delay caps are used. 

The holes’next to the face can throw 
their burden along the line of the ditch. 
Any holes behind them, shot at the same 
time, will tend to expend more of their 
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energy to the side. They wilt, therefore, be 
loaded more heavily * will tend to overbreak 
the sides, and to produce finer crushing of 
rock. 

Sonic or all of the edge holes in (D) are 
left unloaded. They are called relief holes, 
and serve to reduce overbreak* and to keep 
the cut full width. 

Delay taps. After the blaster has de¬ 
cided on the area to be blasted, the number 
of holes included in it may be shot at one 
time; or a much larger number may he fired 
with delay caps. The first series will be at 
the face, with the other two groups follow¬ 
ing in succession. 

Millisecond delay caps give the best re¬ 
sults* as they provide thorough breakage 
with minimum concussion. They are ar¬ 
ranged so that the wave of explosion travels 
back from the face, with such short inter¬ 
vals between rows that each is partially 
confined by the force of the previous blast. 
This condition is favorable to good frag¬ 
mentation and reduced over break. 

Damages. Nearby buddings, or more dis¬ 
tant installations containing delicate appa¬ 
ratus. may dictate the size and type of 


shots. The conservative procedure is to fire 
one row at a time, and muffle and restrain 
the explosion with dirt and mats. Milli¬ 
second delays may permit much larger 
shots because the explosion is spread over 
enough time to reduce its sharpness. 

Standard delays permit firing a succes¬ 
sion of small blasts with one jolt, but there 
is danger that they will set a periodic vi¬ 
bration in some building or object which 
will damage it more than a heavy single 
explosion. 

Deep shots* or those well buried, pro¬ 
duce less damage than shallow ones. If the 
explosion is so confined that it acts about 
equally in all directions* concussion is 
at a minimum. If any part of the force 
can escape rather readily* its blowout will 
produce a reaction or back-kick against the 
solid rock, which will shake the surround¬ 
ing area severely, 

Air waves* which are serious offenders 
in breaking windows, can be prevented by 
thorough muffling. 

In any blasting near buildings* roads, or 
people, elaborate safety precautions must 
be taken. An absolute minimum is confin¬ 
ing (he explosion so that no fragments can 
fly p giving ample advance notice of the 
blast, and blocking all roads and paths into 
the danger area. Woven steel mats are the 
only safe cover for dose blasting. 

The contractor s liability insurance com¬ 
pany usually requires that it be permitted 
to make an inspection of the job before 
any blasting is done, Any safety precau¬ 
tions recommended by the inspector should 
be carefully observed. 

Burial, When ihe rock surface is well 
underground, the ditch may be refilled with 
dirt after the rock is drilled and loaded. 
1 his confines the explosion, prevents rock 
from scattering* muffles the noise* and pro¬ 
tects the ditch walls from caving. It pro¬ 
vides a safe working area lor the machine, 
usually a bnckhoe or clamshell, which will 
re-dig the trench after the blast. 












CAVING 


If the dirt fill is shallop or rocky, it may 
be necessary to use mats or logs in addition, 

Wiring must be thoroughly protected be¬ 
fore filling on top of loaded rocL Fine dirt 
is hand shoveled over the connecting wires. 

If the rest of the fill is fine, a thin cushion 
is enough. If there are heavy or sharp rocks 
which cannot be kept ouu a deep protec¬ 
tion is required. 

The lead wires may be run along the 
rock surface beyond the area to be filled, 
or ied up to the surface inside air hose or 
other tubing. 

Two caps may be placed in each hole 
with duplicate wiring, or Printacord can be 
used. 

Backfill may be pushed in from the side 
by a dozen or trucked from an excavator 
digging another section of the ditch. 

Removal, Blasted rock may be dug from 
the trench by machine, by hand, or by 
both methods. 

If the ditch is narrow* with hard, irregu¬ 
lar walls, projecting stubs may jam a bucket 
so frequently that hand work may be 
cheaper, A bucket or container is fre¬ 
quently loaded by hand and hoisted by a 
machine. 

Large rocks are lifted with stings or 
tongs. 

Iti general, it is good policy to blast 
sufficient width to insure working space 
for a clamshell or hoe bucket. 

CAVING OF BANKS 

Many soils will not stand in vertical 
walls, so the sides of the ditches mast be 
either sloped back or braced, A few r soils 
will not stand on even a moderate slope, 
and these will require very heavy bracing. 

Ground water is the most important 
single factor in collapse of edges of cuts. 
It acts as a lubricant that enables the soil 
particles to move on each other readily* 
and exerts pressure that moves the particles 
toward the ditch. Sand faces may foil from 
this cause, or from the drying action of 


water draining and evaporating* so that 
the bond between the grains is weakened. 

ff water is allowed to stand in a ditch* 
danger of caving from flow of ground water 
into It and from other dynamic forces act¬ 
ing in the soil is reduced. However, wave 
action set up by dropping of stones or 
chunks of dirt may cut into the walls and 
undermine them. 

It may happen that the upper part of 
a trench wall will be firm dry material, but 
that a shallow' layer at the bottom is water¬ 
logged and unstable The sides will stand 
for only a short lime before becoming un¬ 
dermined by movement of the lower layer. 

In general, caving of ditch sides is more 
apt to happen minutes, hours, or days after 
the digging than immediately. The excep¬ 
tions are usually loose sandy or semi-liquid 
muds that how into the excavation, rather 
Than cave of slide into it. 

Stabilizing. Sloping of sides for stability 
is a technique chiefly used for permanent 
open ditches, which will be discussed later 
in this chapter. It is seldom used for 
trenches for burial of pipes because of the 
large amount of extra digging, the space 
required, or the area of pavement, lawn, or 
other surface disturbed. 

Vertical trench walls may be stabilized 
by bracing, draining, freezing, or chemicals. 
Bracing is the most common technique, 
and may be required by law. 

Bracing Structures. Figure 5-9 (A) 

shows a light system of bracing or shoring 
used where danger of caving is slight. 
Planks are placed vertically in the trench 
at five to fifteen foot intervals, and pressed 
against the dirt by means of push-type 
lurnbuckles, called sheeting jacks. Bracing 
timbers are inserted and the jacks removed. 
The planks are usually two or three inches 
thick, the cross braces six by six or larger. 
Wide ditches require heavier cross braces 
than narrow ones. 

A heavier type of shoring is shown in 
(B >. The sides of the ditch are lined solidly 
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Fig, 5-9. Bracing trench sides 


with vertical planks, called sheeting planks, 
held from falling inward by horizontal 
beams, known as whalers, which are braced 
to each other across the ditch by timbers. 
These timbers are sprung into place by 
forcing the whalers apart by sheeting jacks. 

The weight and spacing of the planks 
and timbers will be determined by the 
depth and width of the ditch, and the in¬ 
stability of the soil. It is possible for a usu¬ 
ally safe soil to be dangerously soft locally, 
due to disturbance of underground drain¬ 
age, leakage of water mains, or other 
causes, so an ample margin of safety should 
be allowed. 

Figure 5-10 shows photographs of 
shored trenches. Note the nailed strips that 
hold the timbers up against the whalers. 

Delayed Bracing. The method of plac¬ 
ing the braces is determined by the prompt- 
ness with which the banks are expected to 
collapse. If they are so stable that the 
necessity of bracing is questionable* the 
ditch may be dug by shovel or ditcher, 
closely followed by the carpenters who 
build the bracing in place as a completed 
structure, as close against the sides as is 
practicable. 

Immediate Bracing. If the banks are not 


trustworthy* or the contract calls for im¬ 
mediate bracing, the ditch is made enough 
wider than the bucket so that it can work 
between the whalers. The ditch is dug to 
a depth of about two feet, full width, and 
the top pair of whalers placed, and cross 
braces set with such spaces that the bucket 
can get down between them. Planks are 
set vertically touching each other outside 
the whalers* 

The shovel, preferably a clams he I h now 
digs a foot or two below the whaler. Men 
with handlools dig the dirt out from under 
the vertical planks, allowing them to settle, 
and also remove dirt under the crossbeams 
which the buckets cannot reach. This dirt is 
piled in the middle of the ditch and is 
taken out by the bucket when the laborers 
are out of range. The shovel then digs 
deeper and is followed by handtool work. 
At a depth of two to five feet below the 
top whaler, another pair of whalers is set 
inside the planks and braced across the 
ditch. Alternate excavation by shovel and 
handtools, undermining and dropping of 
side planks outside the whalers, and instal¬ 
lation of additional beams is continued un¬ 
lit bottom grade is reached. Ordinarily, the 
whalers and crossbeams are either heavier 
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Fig. 5-ID, Braced trench 


or more closely spaced with increasing 
depth as the potential pressure increases- 
If the ditch is deeper than the length of 
available planks, those started at the sur¬ 
face should be of variable length. As each 
one drops below the top whaler, another 
plank is placed on top of it to follow it 
down. Mixed lengths make this possible 
without weakening the structure by having 
a row of these joints occur together 
The whaler beams arc also of different 
lengths so that both members of a pair do 
not end together. The joint between any 
two can therefore be braced against a 
solid beam on the other side. 

Two or three inch sheeting, and six by 
six whalers and crossbeams, spaced five 
to eight feet apart, are strong enough for 
moderate depths in most soils. If more 
protection i$ needed, heavier wood may be 
used, additional planks can be driven out¬ 
side the sheciing, or inserted inside by a 


complicated process of removing and re¬ 
placing whalers, Steel sheet piling is much 

stronger than wood- 

Muvablc Bracing. When the work which 
is to be done in the ditch can be completed 
in short sections so that the ditch can be 
backfilled a few yards behind a hoe shovel, 
a portable bracing structure can be used. 

It may be made up of steel or wood, 
and should be equipped with a tow bar or 
chain at the front bottom, which can be 
gripped by the bucket teeth. It is Lowered 
Fnto the first section dug, and the pipe 
laying or other work done inside it while 
another section is dug. The shovel drags 
it along in the ditch whenever sufficient 
diaging or pipe laying has been completed 

to justify moving it- 

Such a device can result in tremendous 
saving. However, it cannot be used on 
many jobs because of the necessity of 
checking the work, or having it inspected. 
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Also, if the sides should close in on it, 
it might be very difficult to free up for 
moving. 

Back filling should be done as soon as 
possible, as allowing the sides to cave may 
damage the pipe, or shift it out of line. 

Flowing If auks. If the sides are so un¬ 
stable that fhey cave or flow immediately 
upon being cut, the sheeting planks must 
be driven down by air hammers or pile 
drivers, and the dirt dug from between 
them afterward. Penetration and control of 
direction are usually best if the planks are 
driven only a short distance below the dig¬ 
ging, However, mud may flow so readily that 
the sheeting must be down several feet be¬ 
low excavation level to prevent it from 
swelling on the bottom. All graduations 
between this condition and stable banks 
may be encountered in a short distance- 

wash nut Failures. Orly wet ground or 
loose sand exerts very heavy thrusts against 
the shoring. Water draining down the sides 
of a braced trench may erode them, so 
the sheeting moves outward, thus loosen¬ 
ing the cross beams or jacks and allowing 
them to fall, after which the sheeting can 
be pushed in by any movement of the 
banks. 

Well Points, Where shoring is difficult 
and expensive, ft may be economical to 
dry up the area with well point pumping, 
or to seal and stabilize the banks with in¬ 
jections of chemicals. Well points are dis¬ 
cussed later in this chapter. 

< heniical Stabilization, Chemical treat¬ 
ments are of two types. The most common 
is injection of a cement grout or other 
liquid that will congeal in the soil spaces 
through which water is moving. This tech¬ 
nique is briefly discussed in Chapter 16 
concerning sealing small leaks in ponds. 

Other chemicals may react with the soil 
itself to produce a relatively hard, imper¬ 
meable substance. These are usually ap¬ 
plied by specialists after careful soil analy¬ 
sis. 


Freezing. Mud may be frozen by sinking 
refrigeration pipes in it. This is an ex¬ 
pensive operation, justified only when the 
mud is too fine grained to be dried by well 
points, or when some special condition 
makes their use impractical. 

PERMANENT DITCHES 

When a ditch is to be left open perma¬ 
nently. its sides usually must be protected 
by masonry or rot-resistant sheet piling, 
or sloped back far enough so that they will 
not slump, cave, or wash into the bottom. 
If a large volume of water may flow through 
the trench at any time, the bottom should 
also be protected against erosion, unless 
the gradient is so flat, or the water so 
burdened with silt, that cutting will not oc¬ 
cur. 

Ditches with low gradients, or which 
carry dirty water, must be cleaned out 
periodically by a dragline shovel or other 
excavator. Masonry, riprap, and particu¬ 
larly vertical stone walls interfere with 
machine digging and are liable to be dam¬ 
aged. This should be borne in mind in 
designing any artificial protection. 

Sloped Hanks. The most satisfactory 
bank protection for a country ditch is a 
stable slope and a good cover of vegetation. 
This can be reinforced on the outside of 
bends and other places subject to strong 
current action, by placing large boulders, 
walls, riprap, or light piling holding wire or 
brush mats. 

Stable slopes vary in steepness with the 
character of the soil. Loess may stand in¬ 
definitely in vertical cliffs, while certain 
lypes of clay may slump if the slope is one 
on six. Generally, it may be said that slopes 
of one or two and a half or less are advisa¬ 
ble if the soil contains much clay or silt; 
tf there is movement of ground water 
through it toward the ditch; if there is con¬ 
siderable drainage of surface water runtime 
down its face, or if it is in layers that dip 
toward the ditch. 
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BANKS 


Vegetation, If trees are to be planted or 
allowed to grow, the slope can be steeper 
than if it is to be kept in grass. Trees have 
greater holding power* and maintenance of 
grass may require the use of mowing ma¬ 
chines, whose ability to work on side slopes 
may determine the grade. However, trees 
will interfere with access for cleaning. 

If the trench is partly or wholly in 
barren soil, topsoil may have to be spread 
on the banks to encourage vegetation, al¬ 
though some plants can generally be found 
that will grow* well on the subsoil if en¬ 
couraged with lime or fertilizer. 

Banks of permanently wet ditches may 
be strengthened by laying willow poles or 
logs up and down the bank, two to four 
feet apart. They should be settled well into 
the soil for their full lengths with the lower 
end in water or bottom mud, and staked 
or wired in place. 

These poles should grow tops and a con¬ 
tinuous root mattress. 

Bottom scour may be largely prevented 
by keeping a gentle gradient. If any portion 
of the trench is too steep, a series of check 
dams may be built- 

This localizes the fall of the water at 
the erosion-resistant aprons of the dams. 
Good results can sometimes be obtained 
with plank dams, or even heavily anchored 
brush mats, 

Spoil Arrangements. The spoil piles from 


a ditch are apt to interfere with local sur¬ 
face drainage. If the land is flat, spoil may 
be piled on both sides, but frequent breaks 
should be mode in the windrows so that 
water will not pond behind them, Jf the 
dhch cuts across a slope, these breaks need 
be made in (he upper pile only. Until the 
ditch slope is protected by vegetation; gul¬ 
lies may form at these spots unless the area 
is protected by pipe, flumes or stone. 

The *'W" ditch. Figure 5-11, is a double 
ditch, separated by sufficient space to pro¬ 
vide disposal urea for the spoil. This elimi¬ 
nates any blocking of drainage on either 
side, and allows maintenance of field grade 
to the ditch edge. 

If the depth of the ditch is determined by 
the flow capacity required, two can be more 
shallow than one. This cons true (ion is only 
slightly more expensive than the single 
drainage way, although it usually takes more 
land out of production. 

If depth is determined by a flow gradient, 
a W-dilch will about double the amount of 
excavation required. If the depth is con¬ 
siderable, the additional spoil is likely to 
damage an excessive area. 

Whenever possible, the spoil piles from 
permanent ditches should be rounded off 
so as to permit easy access to the ditch and 
to make them less prominent in the land¬ 
scape. This should be done before they are 
overgrown by trees. 





Fig. 5-1 i. “W" ditch 
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PIPES AND CONDUIT TRENCHES 

Most trenches are dug to bury pipes or 
conduits. Conduits* and pipes for gas and 
water supply, run at more or less fixed 
depth below the surface. Sewers, storm 
drains* and other gravity flow pipes must 
maintain a minimum gradient from source 
to outlet or booster pump, and will have 
a variable depth below an irregular surface, 

H\ed Depth, In cold -winter areas, water 
pipes are laid below the frost line in the 
ground. Conduit and wires are laid only 
deep enough to protect them against acci¬ 
dent. In either case, depth may be increased 
under sharp ridges to provide smooth verti¬ 
cal curves. 

Depth is usually specified in a contract, 
or chosen according to local custom. Items 
to consider in arriving at it include, in street 
work, possibility of repaving with a thicker 
pavement with very high loads on the sub- 
grade during construction, or of lowering 
the street surface. In fields, the most im¬ 
portant menace is the moldboard plow, 
which penetrates eight or ten inches. There 
is a chance that a subsoil plow, with a pene¬ 
tration of eighteen inches to two feet, 
might be used T and in addition land even 
on gentle slopes gradually washes away T 
and the surface may be lowered several 
inches during the life of the conduit. Depths 
of two to four feel are usual, and are fig¬ 


ured from the surface of the ground regard¬ 
less of slope. 

Since the bottom of such a ditch follows 
the surface at a fixed distance, depth meas¬ 
urements during digging are easily made. 
A rule or marked pole as set vertically at 
the side, ot a hoard is placed across the 
ditch and its distance from the bottom 
measured. 

If the depth requirement is only approxi¬ 
mate* a mark on the stick of a backhoe, 
the cable of a clamshell, or the depth gauge 
of the ditcher may be sufficient guide. 

Gravity Systems. Digging accurately for 
a sewer or other gravity system requires 
close supervision. A number of methods 
arc used to keep on grade, of which a few 
examples will be given. 

J he grade can be checked from inside 
the ditch wish a transit level. The begin¬ 
ning of she ditch is dug to proper depth, 
which may be measured from the surface 
or dictated by a connection with a pipe or 
manhole. This starting point is taken as a 
bench mark (see Chapter 2)* and usually 
as zero station. Other stations are measured 
oil as digging progresses* and their eleva¬ 
tion taken with the instrument. Each suc¬ 
cessive station should be higher or lower 
than the starting point, according to the 
gradient. In the example in Figure 5-12, 
the drop is one foot in sixty feet* and the 
readings are taken at ten foot intervals. 



Fig. 5 -12. Measuring gradient inside trench 
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Fig. 5-13, Calculating gradient 


If the ditch is correct, each rod reading 
should be two inches higher (the lower the 
ground* ihe higher the reading) than the 
previous one. If distances are measured 
with a tape, it must be horizontal to get an 
eaact result. 

Readings arc taken as close to the dig¬ 
ging machine as possible. 

If the ditch makes an angular turn, the 
instrument is set at the angle point. If the 
ditch curves, inside work is not practical. 

Thb way of setting gradient is liable to 
suffer from cumulative errors in either 
measurement or rod reading* unless it can 
be checked against surface features occa¬ 
sionally. 

Measuring from Surface, If depth is to 
be measured from the surface* a profile of 
the ground on the center line, or on a side 
or offset line of the ditch T is taken* This 
consists in marking it off with station stakes 
at regular intervals, and taking the eleva¬ 
tion of each. If the elevation of the ditch 
bottom is given in the plans, the amount of 


cut at any station may be found by sub¬ 
tracting the bottom elevation from the sur¬ 
face elevation. Stick or rule measurements 
may be made at these points during the 
digging, and any intermediate levels that 
are needed can be found by a hand, tran¬ 
sit, or string level used inside the ditch. 

Plotting Profiler If there are no plans, 
or if they merely specify a gradient p the sur¬ 
face profile should be drawn to scale on 
□ sheet or strip of cross section paper. 

In Figure 5-13, a cellar has been dug 
and it is desired to lay a pipe on a slope 
of one foot in fifty feet, to take water from 
a tile drain laid around the outside of the 
footings. An instrument is set up and the 
elevation of the cellar floor taken. This is 
arbitrarily assigned a value of ten, and is 
used as a base or bench mark for the rest 
of the work. Another bench mark on a tree 
or some surface spot not affected by build¬ 
ing work should also be taken for future 
reference. 

A profile is then taken along a down 
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slope, until an elevation is found which is 
substantially below the cellar floor. 

The figures obtained are plotted on a 
piece of cross section paper, which might 
he len squares to the inch, A horizontal 
scale of one inch to twenty-five feet and a 
vertical scale of one inch to five feet are 
sc Seeled. The width of each printed square 
will then indicate two and a half feet* but 
its height only six inches. 

The cellar is sketched in and a base or 
zero line drawn twenty squares below its 
floor. The stations, starting at zero at the 
cellar wall* are marked off on the vertical 
lines. 

Each of the station elevations may now 1 
be marked on the diagram by measuring 
up from the base line one square for each six 
inches. These dot* are connected by a line 
which is a picture of the surface slope, with 
its steepness exaggerated. 

The ditch may now be drawn in, A dis¬ 
tance of a foot and a half below the comer 
of the cellar is scaled off and marked at 
zero station* At station two plus zero, a 
distance of eight squares representing four 
feet below* the level at zero station is 
marked, and a straight line drawn between 
them. 

Measurements on this sketch will now 
give the length of pipe needed, the distance 
on the ground to the outlet, the elevation of 
any point on the ditch bottom, and the 
depth of the ditch anywhere, 

A larger scale in which each square 
would represent a smaller distance will give 
more accurate readings. 

finish Levels* When the digging of a 
ditch section is finished, boards may be 
placed on edge across the ditch at 10 to 
25 foot intervals, and staked or otherwise 
firmly fastened in undisturbed soil, in posi¬ 
tions such that a tight string may be run 
over the ditch and adjusted by instrument 
readings to be parallel with the final grade 
of the bottom. Extra strips of wood may 
he nailed on. or notches cut into original 


boards, if they are too low or too high. 
Finishing of the bottom, and placement of 
pipe* is governed by measurements down 
from this string. 

Slreet Pavements* Hard pavements are 
generally broken up in advance of the dig¬ 
ging, If the street is to be repaved after the 
trench work is completed, the whole pave¬ 
ment may be smashed and removed by a 
large dipper slick or dozer shovel; or tom 
up with a heavy ripper and dug away by 
smaller machines. 

If the pavement is to be preserved so far 
as possible, it should be broken along the 
line of the ditch by pavement breakers. 
Wide edge chisels are used for blacktop, 
narrow or pointed tools for concrete, and 
weight-dropping machines for either The 
two edges are wholly or partially cut. The 
strip to be removed may be broken up by 
the tools or by the excavator. 

Reinforcement in concrete greatly in¬ 
creases tiie cost of this work. Thin bars may 
be cut by the chisels, heavier ones may 
require a cutting torch or heavy bolt cut¬ 
ters. The work involved in exposing the 
reinforcement may be greater than that in 
cutting it. The broken pieces of pavement 
may be removed by hand, or may be left for 
the ditching shovel to lake out with the dirt. 

BACKFILLING 

General Methods. Trenches dug for lay¬ 
ing of pipes or conduits must be backfilled 
when ihe installation is complete. The dirt 
taken out is pushed or pulled back in. This 
job can be handled by most earth moving 
machines, but the bulldozer is the standard 
too! for the purpose. 

\( the backfill need not be compacted 
from the bottom up, it may be pushed 
into the trench in (he ways shown in Fig¬ 
ure 5-14, The bulldozer operates at right 
angles to the trench, taking as large a shce 
of the pile as it can handle comfortably. 
Dirt which drifts across the blade is left 
in windrows that arc pushed in a separate 
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Fig, 5-14. Backfilling 

series of passes as in (B) + Any remaining 
&oi| h pushed parallel with the ditch into 
the main pile as in (C)< or, when the end 
is reached* distributed along the ditch. 

There will usually be too much soil be¬ 
cause of increase in volume of disturbed 
soil, and space occupied by the pipe bid. 
The excess may be mounded up over the 
trench and partly compacted by use of a 
roller, or driving the dozer or a truck along 
it. Full natural settletnent may take as 
much as a year, and is liable to leave low 
and high spots to be graded in. 

If the trench is small, it may be refilled 
by running an angle dozer or a grader 
through the pile* with the blade set to side 
cast it into the ditch as in (D). 

Heavy backh 11 may He done by a dipper 
shovel walking through the length of the 
pile* digging it and dumping in the ditch. A 
backhoe or a dragline can work from across 


die ditch, pulling the soil into it A drag- 
tine's efficiency will be greatly increased by 
fastening a heavy plank or other block 
across the mouth of the bucket so that it 
wilt not fill. Shovels are often used to move 
die bulk of the backfill with a bulldozer 
doing the final cleanup. 

When pave mem along the sides of the 
ditch is to be preserved, the best tool is a 
very light dozer, or a medium one with 
flat or rubber shoes, or a rubber-tired 
dozer shovel. 

Special dragline type backfillers are often 
used on cross-country trenchcs. 

Compacted Backfill If a pavement is to 
be laid over the refilled trench immediately, 
the backfill must be carefully compacted 
from the bottom up. This may be done by 
dozing or hand shoveling fill slowly* while 
men in the trench compact it with hand or 
pneumatic tampers, A mechanical tamper 
may work from the side or straddle. The 
top layer may be compacted by use of a 
trench roller with a large wheel that will 
fit inside the ditch, or by running any heavy 
machine back and forth along it. 

Open textured soils may be effectively 
compacted bv puddling. Enough water is 
added to the fill to make it into mud, w hich* 
upon drying, will shrink considerably. 
Heavy soils take a long time to dry so are 
not as readily handled this way, 

Machinery should not be run along wet 
trench fills as it is almost sure to get stuck 
m them. 

Imported Backfill. Drainage trenches are 
often refilled with porous material differing 
from that dug out. The spoil of the original 
digging is trucked away or used in grading, 
anti she gravel trucked in for refilling. This 
may be dumped in piles in and alongside 
the ditch, and pushed into it by a dozer or 
grader or hand shoveled If considerable 
work of this type is to be done, a backfilling 
machine may be profitably used. This ear- 
ries a hopper that ts moved parallel with 
the ditch by rubber tired driving wheels. 
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Tracks dump imo the hopper from which 
a belt carries the soil to the ditch and 
dumps it. The backfiller can push the truck 


which is dumping into it, so that the truck 
driver can concentrate his attention on lift¬ 
ing the body at proper speed. 


DEWATERING 


drainage 

Both the surface and the subsurface 
water may be removed by a seasonal drop 
in ground water level; drainage through 
ditches, pipes, or siphons; by pumping; by 
walling off or diverting the source of water, 
and very often by combinations of two or 
more of these methods. 

The purpose of dewatering may be to 
promote growth of crops; to dry out 
swamps or other objectionable wet areas; 
to stabilize slopes, foundations, and road 
suhgrades, or to facilitate excavation for 
any purpose. 

All of these objects except the last are 
accomplished chiefly by drainage—that is 
causing the unwanted water to flow away 
through artificial and natural channels or 
conduits. Pumps may be used to remove 
water from a sump or low point of a drain¬ 
age system. 

Gradients. The slope or gradient of a 
drain will depend on the work it has to do, 

In tidal marshes and other practically flat 
swamps, ditches with zero gradient may 
serve to lower the water level substantially. 

In general, water will (low through a flat 
ditch, but it is easily choked by sediment, 
growth of weeds, and dirt falling from 
banks, as the water Rowing through it will 
have little or no ability to clean it. Too 
steep a ditch gradient may cause erosion 
of the bottom, undermining of banks 
through stream action, and damage from 
depositing of mud below the discharge 
point. 

The slope must be adjusted first to the 
necessities of the situation, and second to 
the relation between the amount of water 
to be carried and the nature of the soil, A 
bottom gradient between one fool drop to 
1000 feet and of two feet to 100 feet is tic- 
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sirahlc under most conditions encountered. 

Drainage pipes should not be flat as costs 
in cleaning out sediment and debris will 
be very high. Low gradients can be used 
when the water is dean, the pipe is short 
and large enough to allow men to work in 
it conveniently, or there is a sharp fall at 
the outlet so that water will flow rapidly. 
Generally, the minimum gradient should be 
six inches to 1000 feet, and the maximum 
two feet in 100 feet for land tile, and ten 
feet in 100 for tight joint pipe. 

Special erosion resistant pipe may be laid 
on steeper slopes. 

Surface U ater, Surface drainage may 
consist of disposal of water from rain or 
melting snow, or lowering the water level 
in ponds, ditches, or swamps. It may use 
open channels, conduits, or both. The water 
is usually led to a natural stream or body 
of water. 

Such drainage may be accomplished by 
deepening, enlarging, or straightening and 
protecting existing strepmbeds, by digging 
artificial channels, or installing under¬ 
ground pipes or tunnels. 

There is no definite separation between 
surface and subsurface drainage as they 
operate on different parts of the same water 
mass. 

I unncling, ]f it is not practical to ditch 
to install p drain or diversion pipe, borinc 
or tunneling may be used. Diamond drills 
will put small holes into rock hillsides at 
tiny angle desired, for long distances. 
Augers will drill soft rock up to a hundred 
feet or more. Where such machines are 
not available, or where a larger drain is 
needed, tunneling may be done with ex- 
plosives and hand digging. 

Siphons. If a drainage line is to be used 
only occasionally, the expense of ditchinn 


SIPHONS 




Fig, 5-15. Siphon and priming pump 

or tunneling may he avoided by use of a 
siphon. This is an airtight pipe or stiff 
walled hose. one end of which lies in the 
water to be drained, and the other at a 
lower level, with the intermediate part pass¬ 
ing over the dam or height of land which 
interferes with natural drainage, as in Fig¬ 
ure 5-15 (A). When the pipe is filled with 
water, that which is between the high point 
and the lower or discharge end moves down 
the pipe by gravity, while atmospheric pres¬ 
sure, acting through the pond water, pushes 
the shorter and lighter column of water 
after it. This water is in turn renewed from 
the pond so that movement continues until 
the water level drops sufficiently to out¬ 
balance the suction, or to allow air to enter 
the pipe; air enters through leaks or 
through the discharge end, or water rises 
around the outlet to the same level as the 
intake. 

The rate of (low will depend chiefly on 
the drop between she top of the water being 
drained, and the point where she water 
loses contact with the outlet end of the 
siphon. As a pond is drained and its level 
drops, the flow will become slower. 

Siphons in which water moves slowly are 
likely to be stopped by air entering the top 
of the outlet. This may be prevented by 
putting the outlet in a box or small pool so 
that the opening will be under water. A 
slow current may also allow an air lock to 


form from the accumulation of air or other 
gases escaping from the water in the pipe, 
or leaks from the outside. 

Very small siphons may be started by 
mouth suction find a medium, size by invert¬ 
ing it so that the ends are higher than the 
middle, filling it with water and holding 
the ends closed while placing it in position. 
Dr a tee connection in the top may be used 
to pour water in, keeping the ends plugged 
until the pipe is full and the tee lightly 
plugged. 

The most satisfactory way to start a large 
siphon is with a suction pump. A way to 
connect it is shown in (B). A tec is placed 
on the outlet end. with the side opening 
reduced to fit the inlet hose of a small dia¬ 
phragm or centrifugal pump. Means are 
provided to prevent air from entering 
through the lower opening of the tec, by 
means of a check valve, a screw plug, or a 
piece of plywood with mud on it. With this 
slop in place, the pump is started 3nd the 
air sucked out of the siphon so that water 
from the pond is drawn through it into the 
pump The stop on the main pipe then 
opens or is removed and the pump is shut 
off. 

Channels. Channels may consist of 
natural watcrcouses; watercourses which 
have been enlarged, straightened, or paved; 
or artificial ditches. 

A stream bed may be dredged to lower 
its level, to increase its depth or capacity, 
to keep it from changing its course, or to 
change its course. 

Level may be lowered to drain surface 
water from a swamp or pond, or to pro¬ 
vide belter underdrainage for land in its 
vicinity. 

Depth is usually increased to assist navi- 
nation* or to provide for more rapid runoff 
of flood water. Widening and straightening 
increase capacity, often at the expense of 
depth. 

Streams normally wander in their 
courses* cutting away banks in some places 
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Fig, 5-16. Pipe details 


and building them in others. When valua¬ 
ble property or structures are threatened by 
these changes, the channel may be arti¬ 
ficial Ey shaped to direct the force of the 
water away from them. This may involve 
turning the water back to its original direc¬ 
tion, or forcing it to Row in a new one. 

Dredging of small streams is generally 
done from the banks by draglines or clam¬ 


shells* and of large ones by floating dredges. 
The material dug may be piled on the 
banks, or removed by trucks or barges. 

When the spoil is used to build banks 
to control stream direction, it must be 
protected by paving, masonry, rock, logs, 
wired brush, sod, or other material The 
best emergency protection for a bank that 
is being washed away is drilled boulders 
fastened together in groups of three with 
steel cable. 

River dredging may be planned to direct 
the river current so that U will do most of 
the excavating in the new channel. 

Drainage channels are often paved to 
protect them from erosion or slumping, to 
prevent changing of course, and to increase 
capacity by reducing friction. 

Irrigation canal pavements may be used 
for any of these purposes and to prevent 
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o Diameter of Pipe in Inches 

Fig. 5-18. Ultimate collapsing strength of 
corrugated pipe from exterior hydrostatic 
pressure 

water from leaking out of the canal into 
surrounding soil. 

Check Dams. When the slope of a chan¬ 
nel or gutter is so steep as to make erosion 
likely, it can be divided into a series of 
easy gradients, and separated by check 
dams over which the water falls steeply. 

It is important that each dam have a 
center spillway large enough to prevent 
water from overtopping the edges and 
eroding the earth alongside. An apron is 
also necessary to prevent undermining. 

Where elaborate structures are not prac¬ 
tical, crude ones made out of brush and 
logs or loose stones may serve the purpose. 

PIPE 

Drain and culvert pipe is made in sizes 
with inside diameters ranging from three 
inches to fifteen feet. Materials include con¬ 
crete, tile (vitrifiedclay), transite (cement - 
asbestos), and corrugated iron or steel. 
Figure 5-16 indicates the names of various 
parts of a pipe cross section. 

The tables in Figure 5-17 show some 
properties of concrete and corrugated pipe. 
Strength of the metal pipe is not shown 


here because this is id part a function of 
the suppirt it has on the sides. 

Ordinary vitrilied day pipe is compa¬ 
rable in strength to plain concrete sewer 
pipe, and extra strength day to reinforced 
concrete culvert pipe. Transite is available 
in a number of classes that vary from the 
strength of plain concrete to twice that of 
reinforced concrete. Both the tile and the 
transite are brittle and fragile to handle. 

Figure 5-18 shows the approximate 
strength of corrugated pipe. 

Concrete. Concrete pipe may be plain or 
reinforced, the joints may be butt, bell, slip 
joint, or gasketed. Size range is from four 
inches in irside diameter and up. Lengths 
are two, three, four, and eight feet. 

Butt (open) joints are used for land tile. 

Bell joints arc resistant to chipping, will 
hold the pipe against slipping downhill, 
and, if the joints are open, will reduce flow 
or seepage of water along the outside of 
the pipe," but are difficult to lay. 

Slip joints are easier to handle and to lay 
because of the uniform outside diameter. 

Pipes over 12 inches inside diameter are 
usually reinforced, and this construction is 
required on most jobs because of its addi¬ 
tional strength. 

Concrete may be attacked by water 
carrying certain alkali salts or other chemi¬ 
cals^ It is subject to erosion from fast flow¬ 
ing water carrying abrasive material, and 
may scale or disintegrate slowly from 
weathering Structural difficulties may arise 
from the comparative weakness of its 
joints. However, under a wide range of 
conditions, it is long lived enough to be 
considered a permanent installation. 

file- 1'ile may be porous or glazed, and 
is chic fly made in small and medium di¬ 
ameters, and in one to four fool lengths. 
The porous type usually has butt joints 
and is called land tile. Standard glazed or 
vitrilied tile has bell joints and is called 
sewer tile. 

Tile is lighter than concrete and has ex- 
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Fig. 5-19. Corrugated pipe detail 

cel lent bearing strength and. resistance lo 
weathering and corrosive chemicals. Its 
glazing resists erosion. It is fragile, and 
must be handled with care. In small sizes 
it is cheap and easy lo lay excepi on un¬ 
stable ground. 

Transits. Transit^ or cement asbestos 
pipe, is a light composition with very high 
pressure and crushing resistance. Diameters 
range from four inches to 36 inches. See- 
dons are 13 feet long with gasketed collar 
joints. They must be handled carefully to 
avoid breakage. 

This material Is widely used for water 
and sewer lines, but is too expensive for 
ordinary drains. 

Corrugated Metal. Corrugated pipe is 
made in standard, helical, and heavy duly 
constructions. Cross section may be round, 
elliptical, flattened, or arched. 

Standard pipe, illustrated in Figure 5-19, 
is made up of galvanized plates of rust- 
resistant (but not rustproof) iron or steel, 
16 gauge to S gauge, which are deformed 
with parallel corrugations or ripples. These 


are usually 2% inches from crest to crest* 
and l A inch deep. They increase the 
strength of 16 gauge about eleven times, 
and of S gauge about 3 ¥2 times. 

The corrugated plates are rolled into 
cylinders slightly more than two feet long, 
which are lapped and riveted together, Ad¬ 
ditional cylinders are lapped over the ends 
and riveted to obtain the desired length. 

Several gauges are available for most 
pipe sizes to permit vary ing strength to suit 
requirements. 

Inside diameters of standard riveted pipe 
range from six inches to eight feet. Lengths 
may be made up in any multiple of two 
feet* but transportation problems usually 
limit single pieces to 20 to 24 feet. 

One end of an end section of light gauge 
pipe may be lapped around a reinforcing 
ring. 

Pieces can be made up with beveled or 
skewed ends. 

Pipe sections are fastened together on 
the job by band collars. These may be one- 
piece or two-piece. One-piece bands are 
usually fastened by compression bolts only. 
Two-piece may be riveted or bolted to the 
sections. Because of allowance for overlap, 
each pipe section is V/z inches longer 
than its nominal length. Each joint adds 
the width of one corrugation to overall 
length* 

Features of arched pipe are lower clear¬ 
ance, greater bottom capacity, and less 
tendency to settle in soft ground. 

Under normal condi[ions, corrugated 
pipe gives long service, but its life may be 
shortened by chemicals or electro-chemical 
action* and by erosion of the bottom, 

t orrosion can be checked by an asphalt 
coating, or for more severe conditions, by 
asbestos bonding. A mat of asbestos fibers 
is pressed into the molten zinc coating as 
a final step in the galvanizing process. The 
exposed fibers are then saturated with a 
bituminous protecting coat. 

Erosion is reduced or eliminated by 
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a paved invert- This is a wear-resisting 
asphalt pavement on the bottom which 
fills the valleys and covers the crests of 
the corrugations Valh inch deep. It can be 
applied to either galvanized or coated 
pipes. 

Corrugated pipe is very much lighter 
than concrete or tile; it is not as readily 
damaged by carelessness or abuse; it is 
easily placed, connected, extended, or re¬ 
moved for salvage, and resists movements 
of til] which would pull short jointed pipes 
apart Its internal flow resistance is higher 
than in other types. Its corrugations tend 
to keep it from moving in the fill, and dis¬ 
courage seepage Of overflow following the 
outside. U will bridge low or weak spots 
in its supports* 

For subdrainage it can be drilled with 
% n th or Hth "inch holes through the 
haunches. 

Helical pipe is made up of long, narrow 
corrugated sheets bonded to each other by 
folding the edges. It is made in small 6 r ' to 
21" sizes, and 18 and 16 gauge metal It 
is designed primarily for subdrainage. 

Amico multi-plate pipe, Figure $- 20 , t* 
made of plate from 12 gauge to 1 gauge 
(%/')► Corrugations are 6 by 2 inches. 
Inside diameters range from 60 inches to 
180 inches. 

This pipe is shipped in the form of 
curved and drilled plates that are bolted 
together in location, as shown, ft may also 
be made up into part circles or arches. 

Other Types. Wood pipe is made of 
wood staves running the length of the sec¬ 
tion, cut to fit each other closely and bound 
together by wire loops. ft should be full 
of water to keep the wood expanded and 
the seams watertight * It i* light, easy to 
handle, and not particularly fragile. If its 
base is uneven, or if it dries out, it may 
leak, ti is not commonly used. 

Oil or grease drums may have the ends 
cut out and the cylinders lack welded to¬ 
gether. Such conduit is easy to handle, but 



Fig. 5-20. Multi Plate pipe construction 

compressive strength and resistance to cor¬ 
rosion are poor. 

It may be strengthened somewhat by 
stretching it vertical!y p in the manner to be 
described for corrugated pipe. Struts may 
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be left in permanently* but arc likely to 
catch debris and to cause clogging. Such 
installations arc usually temporary. 

Threaded iron water pipes or well cas¬ 
ings arc sometimes used for smali drains or 
culverts when they can be obtained second 
hand, or no other pipe is available, It the 
used pipe can be bought cheaply, it is ideal 
for draining small quantities of water 
through drives or fills during construction, 
if the regular drainage system is delayed. It 
will not pull apart under any natural stress, 
resists bending* can be cleaned out with a 
plumbers' snake* and is easily salvaged by 
pulling out Irom the end, or digging out. 

BRIDGES 

Where a road or other continuous em¬ 
bankment crosses a stream or drainage way* 
it is usually carried over it on a bridge or 
a culvert. 

These structures may be distinguished 
from each other on a basis of width of 
opening. The critical width* or span, at 
which a bridge becomes a culvert varies 
from five to 20 feet in different localities. 

A trestle or viaduct is a bridge that is 
supported on piers between its abutments, 
and which has a length or height in excess 
of that required for water flow, navigation, 
or traffic underneath it. it functions partly 
or wholly os a structural fill. 



Fig. 5-21. Log bridges 


Lug. Figure 5-21 shows log bridges suit¬ 
able for carrying a pioneer road or drive¬ 
way across a small stream. Several con¬ 
struct ions are indicated. 

The most economical type is that shown 
in (A), in which the stringers make up 
the whole floor. The sill logs* which have 
the supporting function of abutments, pre¬ 
vent the stringers from settling out of line 
or caving the bank. 

The stringers have a tendency to sepa¬ 
rate and to overturn under load, They can 
be held sufficiently for light traffic by drill¬ 
ing through them into the sills* and anchor¬ 
ing them with lag bolts or driftpins, and 
side blocking. Tires may wedge between 
the logs. 

The construction shown in (B) is safer. 
The deck should be made of split logs or 
planks r if possible. Round logs should be 
bolted down to the stringers, or covered 
with gravel deep enough to prevent them 
from turning. 

If the span is long, or the loads heavy, 
a stone filled log or timber crib may be 
used as a center support. Cribbing may also 
be used at one or both banks if they are 
too low or soft to give proper support. 

It is advisable to anchor the bridge with 
heavy cables or chains secured to trees, 
stumps, or artificial anchors so that it will 
not be carried away by high water. 

The strength of wood of various species, 
and in different conditions* varies so widely 
that individual judgment must be exercised 
in selecting the logs. If the bridge is to be 
used over a period of years, resistance to 
rot may be more important than initial 
strength. 

Green wood is strong but lacks rigidity, 
and tends to give too much bounce \o a 
long bridge, h will usually bend and splin¬ 
ter before breaking. 

If only one side of the stream is acces¬ 
sible to machinery* the logs may be pulled 
across from that side by the use of a cable 
through a snatch block anchored on the 
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opposite bank- The block should be placed 
high, if possible, to prevent the end from 
digging into the bant. 

Timber The log bridge designs may be 
more conveniently built with sawn tiothers 
when they are available and the extra ex¬ 
pense is justified. 

Timbers are also used to build a variety 
of small and medium size bridges and tres¬ 
tles that can be designed to cany very 
heavy loads. 

Design and fabrication of timber struc¬ 
tures is too complex a subject for discus¬ 
sion here. They arc often comparatively 
inexpensive to build, but must be regarded 
as more or less temporary. The wood is 
subject to fatigue under heavy load, to 
decay, and to danger of destruction by fire. 
Concrete* Concrete bridges consist in 
general of two abutments supporting a slab. 
The slab usually includes guardrails* and 
supporting ribs or stringers which may be 
flat or arched. The abutments are usually 
continued into wing walb to direct the 
stream through the opening and to pro¬ 
tect the embankment against sliding or 
erosion. 

Even small structures are quite heavy 
and require that the abutments rest on solid 
footings. The flow of the stream should not 
be restricted, as it might then scour out 
the material against the abutments and 
undermine them. Abutments must be 
strong enough to resist the horizontal thrust 
of the fill behind them. 

Reinforcement should be used through¬ 
out the structure, and is particularly impor¬ 
tant in the slab and its ribs. 

The forms for the slab must be sup¬ 
ported on a temporary wood or sted bridge 
of considerable rigidity. 

Bridges should be engineered for the site 
and conditions. Construction should not be 
attempted without experienced supervision, 

CULVERT DESIGN 

A culvert may be made of almost any 


structural material Reinforced concrete or 
corrugated metal pipe, and poured rein¬ 
forced concrete are standard for highways 
and railroads. Tile and plain concrete may 
be used for light service. Log and timber 
construction are usual in pioneer and mili¬ 
tary roads. 

Water passages (barrels), may be round, 
arched, rectangular, or in special shapes. 
More than one may be used. 

Capacily* A culvert serves to cany the 
water from a drainage area or watershed 
of a certain size. This water includes sur¬ 
face runoff of rain and melted snow- and 
ice, and whatever ground water comes to 
the surface within the area, 

The size of culvert opening should he 
determined by the amount of rain which 
is likely to fall in the watershed within a 
certain period, and the character and slope 
of the ground so far as it affects the per¬ 
centage of water that will run off, and the 
speed of its flow. 

Additional factors to consider arc the 
opening required by normal stream flow 
before it rains, the extent to which the 
opening may be restricted by silting, the 
velocity of water in the culvert, the extent 
to which water not passed through it can 
pond against the embankment before over¬ 
topping it or damaging property behind it 
by flooding; and the probable damage from 
overtopping. 

Runoff, Rate of mnoff is determined by 
intensity of rainfall, the size and shape 
of the watershed, and the slope, plant 
cover, and the permeability of the soil. 

Rainfall is measured in inches, and its 
intensity in inches per hour, although the 
period of measurement may be less than 
an hour. For example, a rainfall of three 
inches might fall at the rate of six inches an 
hour for Thirty minutes. In calculating run¬ 
off. an adjusted or equivalent rate can be 
used which makes allowance for variations 
in rate and duration. 

Each watershed has a period of concen- 
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trail on, at the end of which the runoff is 
assumed to he at a maxi mum. This is the 
time required for water to flow from the 
farthest point in the shed to the culvert. If 
rainfall is continuous, and ground condi¬ 
tions are unchanging, the runoff at the cul¬ 
vert will increase from the beginning of 
the rain until it includes water from the 
whole area, after which it will continue at 
the same rate. 

This period will be longer for long nar¬ 
row watersheds than for square or round 
ones of similar area. 

The assumptions involved are not strictly 
accurate as runoff increases as the ground 
becomes saturated, as water penetrating the 
soil emerges at lower levels, and the rate 
of flow is more rapid as the volume in chan¬ 
nels becomes larger. However, there are 
so many variables that exact results can¬ 
not be obtained, and the average culvert 
is not important enough to justify an in¬ 
dividual study of its drainage area. 

The intensity of rainfall will determine 
the amount of water that will fall on an 
acre. The ground, slope, and vegetation 
wilt regulate how much of that water will 
flow' off, and the speed of its flow. The 
number of acres in the watershed will de¬ 
termine the total amount of water delivered 
to the culvert. The period of concentration 
will determine the length of rainfall neces¬ 
sary to bring the area to the point of full 
discharge. 

There are a number of formulas used in 
runoff calculations. These may give the 
volume of water to be expected, or the 
area in square feet of the culvert or bridge 
opening required. Information can also be 
obtained from performance of existing cul¬ 
verts or bridges, and observed heights of 
flood water. 

The value of results obtained varies with 
the care with which field studies are made 
and with a number of factors that are dif¬ 
ficult to work out. However, for the con¬ 
tractor who wishes a general guide to cul¬ 


vert size requirements the simplest method 
is the best. 

Figure 5-22 contains two maps showing 
adjusted rainfall rates in inches per hour 
for average requirements, and for any in¬ 
stallation where overflow or backing tip is 
particularly undesirable. The table sup¬ 
plies the number of square feet of culvert 
openings required to drain various areas 
on the basis of one inch of rain per hour. 

To determine the size of a culvert, the 
drainage area is measured or estimated. 
Topographic or airplane maps are particu¬ 
larly useful for this purpose. The number 
of acres, or the next higher figure^ is se¬ 
lected in the left hand column. The figure 
opposite this acreage, in the vertical column 
whose description best fils the area in ques¬ 
tion. is taken and multiplied by the rainfall 
rate shown for the locality by the appro¬ 
priate map. 

This will give the culvert area in square 
feet. To obtain the diameter of the proper 
size round pipe, use the formula 

/area 

Diameter = 2*/ —— 

(twice the square root of the area divided 
by 3*14)* 

The indicated size should be increased 
if full culvert capacity may not be avail¬ 
able, or any local conditions (such as 
abnormally intense rainfall, or extremely 
steep and non-absorbent slopes) indicate 
the need. 

Even generously designed culverts may 
be inadequate for exceptional storms as it 
is seldom economically practical to provide 
for them. 

Sidewalls or I lead walls. Sidewalls serve 
to hold embankments from falling into inlet 
or outlet channels; to direct water into 
and away from the passage or barrel to 
reduce turbulence and prevent undercutting 
of the embankment; to support the ends 
of the culvert, and to hold pipe sections 
against separating inside the fill. 
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Fig, 5-22. Culvert capacity maps aad table 


The wall requirement is reduced by 
lengthening the pipe, as Figure 5-25, top. 
Pipe resting on the original grade, or pro¬ 
jecting dear of the bank as in Figure 5-23, 
does not usually need a wall at the outlet. 


A sidewall is usually of reinforced con¬ 
crete but may be of stone, wood, or metal. 
It may be of heavy construction and firmly 
founded to resist movement in any direc¬ 
tion; or it may be light and superficial so 



Fig. 5-24. Metal head wall 


Fig. 5-23, Projecting culvert pipe 
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Fig. J-25. Culvert head walls and grades 

that any settlement will affect it to the same 
extent as the pipe. 

It is most convenient to place wall foot¬ 
ings before laying the end pipes. 

Metal head walls, Figure 5-24, are fas¬ 
tened to corrugated pipe by standard cou¬ 
plings. They can be removed and re-used 
if the culvert is lengthened. 

Wingwalls. Wingwalls are extensions of 
the headwnll which serve to direct the 
stream, and may buttress the head wall 
against outward thrust. Several designs are 
shown in Figure 5-27. 

Alignment. Culvert barrels should be 
straight under most circumstances. 

It is usually desirable to use the original 
channel For the culvert passage and to have 
the culvert cross the road at right angles to 
the center line. 

These two objectives are often in con¬ 
flict. 

The original channel may be undesirable 


Fig, 5-26, Culvert alignment 

if it is crooked, crosses at a sharp an ale 
or skew, shows rock ridges, is made up of 
soft mud. or has a strong flow of water. In 
such cases, it may be more economical to 
dig a trench nearby, lay the pipe, and then 
divert the stream into it. 

Right angle alignment may be ignored 
if the natural channel is diagonal, and can 
be easily prepared for the culvert; or when 
excessive trenching is required to bring the 
stream straight across. 

Referring to Figure 5-26 (C), it will be 
seen that a slight change in stream align¬ 
ment under the road can lead to a con¬ 
siderable amount of digging on the side, 
that the new stream channel will be out 
of balance, and it may require mats or 
revetments to protect the outside banks 
of the curves. 

On the other hand, changes may involve 
comparatively little excavating and produce 
more satisfactory channels than the origi¬ 
nal. 
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Fig, 5-2S, Recommended gauge;, corrugated 
pipe 

If good alignment between stream and 
culvert cannot be obtained on both sides, 
the upstream side should be favored. When 
the capacity of the culvert is heavily taxed 
by a storm, it is advantageous to get the 
water into the culvert smoothly. 

Gradient, ft is desirable to lay the cul¬ 
vert on the floor of the natural channel, 
on the original ground surface, or in a 
smoothly dug ditch. This gives firmer sup¬ 
port than fiesh fill. Inequalities in channel 
or ground are smoothed by cutting off 
ridges and tamping fill into hollows. 

The passage should have at least a one 
half percent slope, and two to four percent 
is preferable. It should not be over eight or 
ten percent because of probable erosion of 
the bottom of the lining. The gradient of 
the waterway down from the discharge end 
should be as great as that above the inlet, 
for a long enough distance so that it will 
not silt up. 

If the culvert is on fill or a foundation 
which is expected to settle, it may be laid 
in a vertical curve, known as camber, or 


to include a vertical angle, In each case, a 
slight gradient is used at the inlet end and 
a steeper one toward the outlet. Center 
settlement will tend to straighten out the 
passage. 

Disjointing, If a fill settles uneveniy, or 
part of it moves laterally, any culvert which 
is in it will be put under tension. Such 
forces arc noL often sufficient to break pipe 
but they are apt to pul! apart the joints. 

Metal pipe is very resistant to such dis¬ 
ruptive forces and can be further strength¬ 
ened by special joint fastenings. Short- 
section rigid pipe may be braced at each 
end by a heavy head wall, founded on un¬ 
derlying stable material, or may be cabled 
together. 

Depth. Fills over a culvert, to a depth of 
four to seven feet, serve to protect it by 
spreading out the weight of vehicles on the 
surface. Deeper fills have diminishing pro¬ 
tective effect and impose the load of their 
own weight, which at great depths may be 
sufficient to crush the pipe. 

Figures 5-28 and 5-29 contain tables 
showing the approximate required strength 
for highway culvert or sewer pipe under 
various depths of fill. It should be noted 
that in table (A) the required strength 
listed must be multiplied by the diameter 
of the pipe in feet. This is because the in¬ 
crease in crushing strength with increased 
size of pipe only partly compensates for its 
greater surface area, against which pressure 
is exerted. In short, although large pipe is 
stronger in itself than small pipe, it is 
weaker in regard to burial loads. 

1 he tables also indicate the importance 
of pipe bedding in determining strength. 
Corrugated pipe requires good compaction 
of fill at the sides and proper bedding. 

It is questionable whether the formed 
bed shown for the ordinary and first class 
installations is often perfect enough to give 
the calculated support. However, careful 
tamping of ihe fill under the curve of the 
pipe will give similar results. 
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DRAINAGE 


Restricted Height. If there h not suffi¬ 
cient space between the channel bed and 
the embankment surface to install a round 
pipe of adequate size, two or more round 
pipes p or low clearance pipe with a flatter 
cross section or a pipe arch may be used, 

Poured concrete structures may use a fiat 
rectangle or two or more openings sepa¬ 
rated by supporting walls. 

Multiple pipes should be parallel, and 
spaced at least half of their outside diam- 
elers, to facilitate tamping backfill They 
should not be used for streams that carry 
coarse debris which might choke the 
openings. 

Pniired Culverts, Culvert barrels may be 
made of monolithic (one piece) structure 
of concrete poured into forms at the final 
location. This operation allows a wide lati¬ 
tude in sizes and shapes of barrels; allows 
a fairly exact proportioning of strength to 
load, and avoids problems sometimes met 
in procuring, transporting, and handling 
large pipe. 

Pouted culverts should always be rein¬ 
forced. Even in casual construction when 
reinforcing bars are not available, the use 
of .scrap metal or cable will both strengthen 
the structure and reduce the amount of con¬ 
crete required. 

A reinforced concrete barrel has great 
tensile strength and is unlikely to pull apart 
due to stresses in a settling fill, ft can be 
made one piece with the sidewalls and 
wing walls. 

Relative costs of pipe and poured con¬ 
crete vary with the locality, conditions, and 
in the case of concrete pipe particularly, 
with the distance from the manufacturer. 
In general as the structure gets larger, 
pouring becomes more economical than 
concrete pipe. Remote areas and very high 
fills favor metal construction. 

Small culverts carrying light fills usually 
have a square or rectangular barrel. When 
either the embankment or the stream bed 
is shallow in relation to the volume of 


water, two or more barrels or cells are 
placed side by side. 

With increased depth of fill, or length 
of span, arch construction becomes more 
desirable. 

Cost may be reduced if the same forms 
can be used for two or more structures. 
Knock-down steel forms can sometimes be 
rented for less than the cost of building 
them of wood. 

Design and installation of poured con¬ 
crete structures h a spccalized field. 

LAYING CORRUGATED PIPE 

Handling, Corrugated pipe can be made 
up in any multiple of two feet. Lengths of 
eight to twenty feet are usually carried in 
stock, and longer or shorter ones are obtain¬ 
able on special order. Shorter pieces can 
also be made by cutting with a torch. 

Small and medium sizes are usually un¬ 
loaded and placed by hand as in Figure 
5-30, and medium to large ones lowered 
with a rolling hitch or with a crane. The 
crane may use a hitch around each end or 
around the middle with the help of a man 
to keep it balanced. Soft rope should be 
used so as not to scratch the galvanizing. 

Pipe should not be dragged around on 
abrasive ground, nor scratched or banged 
against anything, as such abuse will dam¬ 
age the galvanizing and shorten the life of 
the metal. 

It is lowered into trenches in the same 
manner as it is unloaded. 

Inundation, The base should be shaped 
to fit the lower part of the pipe as closely 
as possible, by cutting the ground to shape, 
or building up with well tamped fill. The 
W’orfc can be cheeked by placing and remov¬ 
ing the pipe, and noting whether it was in 
full contact. 

If the floor is rock, it should be cut from 
six inches to three feet below pipe grade* 
the depth depending on the height of fill 
to be placed, and backfilled with earth or 
pea gravel. If it is mud, space should be 
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Fig. 5-30. Handling corrugated pipe 


allowed for enough pea grave! to stabilise 
the surface. Saplings or wire !aih might be 
laid under the gravel to provide extra sta¬ 
bility. 

If one end of the culvert is to rest on fill 
and the other in a cut, the fill under it 
should be thoroughly tamped to avoid un¬ 
equal settlement. If the cut is rock, its edge 
should be beveled to distribute any settle¬ 
ment strains over a longer piece of ptpe. 

Pl a cement. Each section should be 
placed with the longitudinal scams at the 
sides. The cross joints should have the 
external part of the overlap upstream so 
that if the joint is not tight, seepage will 
tend to move into the pipe instead of out of 
it. 

If the pipe has a metal date tag, or an 
instruction tag, it should be on the up¬ 
stream end of the pipe. 

Joints. Sections are usually fastened to¬ 
gether by a one piece band. This is piaced 
under the end of fhe first piece, and the 
second laid so that the band will overlap 
each by the same number of corrugations. 
The coupler is then drawn light by turning 
down the nuts with a wrench. 

This joint resists any force lending to 


pull it apart, being about as strong as the 
pipe itself. If the pipe will be subject to 
very severe stress, a two piece coupler 
riveted to one or both sections may be 
used. The pipes are placed so that the collar 
lines up, and it is fastened with the bolts 
and nuts. 

]f the pipe is large enough to work in¬ 
side (36" or more ordinarily, but less if 
a small worker is available), a one piece 
band may be installed in the regular way, 
and holes then drilled through the band and 
the pipes, and bolts used to strengthen the 
joint. 

If water tightness is important, an as¬ 
phalt sealer may be placed inside the band 
before installing, or a special coupling may 
be used. 

Strutting- Large corrugated pipe may be 
strengthened against heavy loads by strut¬ 
ting. This consists of deforming it so that 
it is higher than it is wide. It is usually done 
by pulling beams and soft compression 
caps alone the top and bottom, pushing 
them apart with heavy jacks, and placing 
pre-cut struts to bold them in position. 

Joints are made and fill placed and com¬ 
pacted in the usual manner. 
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Fig. 5-3 L Jacking pipe through fill 


Struts are removed after a settlement 
period of three to six months, except that 
if the pipe shows a tendency to bend beside 
the head beam, or floods are expected, they 
are taken out immediately. 

The pipe will then tend to resume its 
round shape and, in doing so, will press 
heavily against the fill on each side, further 
compile ting it. This extra compaction, 
which is roughly proportional to the Joad 
carried by the pipe, gives additional sup¬ 
port against flattening. 

Paved or coated pipe is strutted at the 
factory before treatment. It h elongated 
with beams and jacks, which are removed 
after the sides are tied together with cross 
rods or wires. Paving or coating is then 
added. 

These pipes are usually tamped in until 
the wires do not have tension, but not until 
they are perceptibly slack. Struts arc cut 
wdten they have served their purpose. 

Side Assembly. In rush jobs, where traf¬ 
fic is slopped or detoured inconveniently 
during work, the pipe sections may be as¬ 
sembled nearby, and carried, pushed, or 
dragged into position. If pushed by a bull¬ 
dozer, the front should be held slightly 
above the ground by a crane, other ma¬ 
chine, or a crew r of men. 

Jacking. Corrugated pipe can be pushed 
through an ordinary fill without trenching. 

Figure 5-31 shows a diagram of this 


process. An approach trench is dug to line 
the pipe up, and a heavy backstop built. 
A trough is made across the trench, at the 
toe of the fill, for access to the pipe for 
riveting joints, 

A wood frame is placed against the pipe 
and is pushed by jacks based on the back¬ 
stop. 

If the pipe is large enough, a man or men 
can work inside it, digging enough from 
the face to allow the pipe to be pushed 
ahead. Dirt may be loosened ahead of 
smaller pipes by augers, or, less commonly, 
by water jets. 

LAYING CONCRETE PIPE 

Handling. The standard length of con¬ 
crete pipe is four feet, except for land tile. 
The pieces may be unloaded by rolling each 
pipe so that it will fall from the truck end¬ 
wise onto soft ground or a couple of old 
tires. BelE-jointcd pipe should be dropped 
on the straight end. 

Pipe up to two feet may often be rolled 
and pried into place by laborers with bars 
and poles. However* in any size it is more 
convenient to use some sort of hoist. 

Pipe can be handled by any lifting device 
with power to pick it up, and enough reach 
and maneuverability to place it easily. A 
crane is most suitable for placing it tn a 
ditch T and a dozer shovel for laying it in 
the open. 
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CONCRETE PIPE 


A pipe hook. Figure 5-32. is very useful. 

It permits holding the pipe at the free end. 
and avoids difficulties in balancing it on a 
chain or sling, and in disturbing the pipe 
after it is laid by withdrawing the chain. 

(A) is alloy bar, 2" x 4" for pipe up to 
60", In (B) 4" iron pipe will handle 24" 
concrete safety. 

Care must be taken not to let the hooked 
end of the pipe rest on anything, as con¬ 
tact might tip it so that it would slide oif. 

Eight foot lengths may have a two inch 
hole'through the wall at the center, These 
can be picked up by means of an eyebolt 
inserted in the hole and caught inside with 
a nut and washer. 

Foundation. The base is shaped and 
tamped in much the same manner as for 
metal pipe. 

If the pipe is to be laid in running water, 
leveling of the bottom for each piece may 
be difficult. A weighted plank or a wood 
trough may be placed on the bottom and 
carefully leveled and blocked up. Straight- 
sided pipe can be set on this and only 
minor adjustment should be required 

If the load of fill or traffic is to be heavy, 
or the foundation is partly on fill and partly 
on rock, or is unstable, a concrete bed may 
be used. A stiff mixture of concrete, as 
wide as the trench, or in forms a foot or 
two wider than the outside diameter of 
the pipe, and one-quarter of the pipe diam¬ 
eter in depth, is placed on a well-com¬ 
pacted earth base. It is roughly hollowed 
Tor the pipe which is settled into it by rock¬ 
ing, or slight raising and lowering. 

Bell joint pipe requires cross grooves in 
the bed to accommodate the oversize end. 

Placement. Pipe is usually laid with the 
bell or female ends upstream. If this is the 
case, placement should start at the down¬ 
stream end. The first pipe can be lowered 
level, but the others should have the male 
or free end slightly lower so that it can 
be guided into place without scraping on 
the bottom. This tip is arranged by insert- 
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Fig, 5-32. Pipe hooks 

ing the hook only part way into the pipe, 
or by pushing down on the free end. 

If a section is not held in proper position 
by the bed, it should be chocked securely 
with stones or blocks until several more 
sections are laid, or the culvert is com¬ 
pleted. This makes it possible to make any 
necessary readjustments with less work 
than if fill is tamped in immediately. 

It is difficult to get each joint tight with¬ 
out considerable practice. However, it is 
often possible to lay several loosely, and 
then push them together from an end. This 
mav be done by a small dozer in the trench, 
or by a cable threaded through the culvert 
to a crossbeam. 

Joints. Except in informal or temporary 
work, joints should be cemented. This is 
particularly important if water may pond 
above the outlet so that it wilt go through 
under pressure, which might force it out 
through open joints and cause softening and 
channeling of the embankment. 

Small pipe cemented by wetting the 
ends to be joined, and troweling a rich 
mortar on the upper half of the male side 
and the lower half of the female. It is 
desirable to rotate the free pipe slightly, 
after it is in position, lo spread the cement 
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Fig, 5-33. Cable tics on concrete pipe 

evenly. The outer surface of the upper two 
thirds can be troweled off. 

If the pipes arc large enough for a man 
to work imidc. the whole culvert may be 
placed dry. Oakum is then hand tamped 
into the joint cracks, and cement or bitumi¬ 
nous mortar applied from the inside. 

Tics. If foundation conditions are such 
that the fill may spread and pull the pipe 
apart at the joints, the culvert may be held 
together by heavy, deep based head walls* 
or by lie lines. 

Tic lines may consist of three rods, 
cables, or chains, hooked around the end 
pipes. Turnbucktes or loadbinders are used 
to tighten them. They may be internal, or 
external as shown in Figure 5-33. 

The inside ties will reduce culvert capac¬ 
ity slightly* and may cause jamming of 
debris and complete stopping. However, 
they arc accessible for inspection and tight¬ 
ening. Outside installations are difficult to 
service. 

A loose cable is sometimes left inside a 
small diameter culvert for use if it becomes 
plugged with silt. Pulling the cable back 
and forth will make a small hole which 
can be enlarged by forcing water through. 

OTHER FORMS OF CONSTRUCTION 

Wood Cuheris. Culverts may be con¬ 
structed of wood when they are for tempo¬ 


rary use, or when time or expense prohibit 
obtaining marc permanent materials. 

Construction may be to almost any de¬ 
sired strength. Life expectancy will vary 
with the type and size of wood, preserva¬ 
tive applied* and moisture conditions. In 
general* the parts which arc permanently 
wet will have a much longer life than those 
which are exposed to air. 

Several designs are shown in Figure 
5-34. 

Casual Placement* There arc many situa¬ 
tions in which it may be unnecessary or 
impossible to place culverts with the care 
required for permanent installations. These 
would include light traffic driveways and 
farm Janes; pioneer or access roads to be 
used for only a short period; and urgent 
construction in which it is necessary to get 
traffic through without delay, even at the 
cost of possible repair or reconstruction 
later. 

Good standards should be approached as 
close[y as possible, however. 

If heavy traffic will ride directly on the 
pipe* or very close over it, a strong con¬ 
struction should be used. If silting and 
trash are not a problem* several small pipes 
will be better than one large as they are 
more resistant to concentrated loads, and 
they can be provided with an adequate 
depth ol cover more readily. 

If the foundation is unstable so that a 
part of the culvert will sink, oversize pipe 
may be used to provide adequate capacity 
after settlement and silting. If silting can be 
prevented, a badly sagging pipe may act as 
an inverted siphon. 

1 he pipe should be long enough not to 
require large head walls, unless they can 
be easily built with big stones or logs avail¬ 
able on the site. Wingwalls, where required, 
can he made of rocks, of saplings ham¬ 
mered in as piling* or of brush mats. 

On wot bottoms^ pea gravel or crushed 
stone should be used under the haunches. 
Ordinary earth can be used as soon as 


S-3fi 




Lvg mhtlt, iO-Smk~ 






cmkrrt. 6jr 



Courts I?, $, Arjny EttCiPlftTf 

Fie. 5-34, Wood culverts 


the gravel has been built up above water 
level, but it will not consolidate under 
water. 

BACKFILL 

Proper placing and compacting of back¬ 
fill affects both the strength of the pipe and 
the load it has to carry. 

Load Distribution, If a round pipe lies on 
a hard flat surface, and is subjected to load, 
the entire pressure falls on the line of 
bottom contact. If the surface is curved, the 
area of contact is greatly Increased, and 


the load per square inch reduced corre¬ 
spondingly. As the haunches curve upward, 
the amount of vertical support to each 
square inch of surface decreases until it is 
zero at the widest point. 

Corrugated pipe is flexible and requires 
horizontal support as well. A normal load 
tends to flatten the top and spread the sidles. 
If the sides are held in firmly, the arch form 
of the load-carrying section is retained and 
strength kept at a maximum. 

No part of the foundation or backfill 
touching a flexible pipe should be rigid, as 
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Fig. 5-35, Load over pipe 


the whole pipe should be able lo change 
cross section shape as it deflects under load, 
and any rigid support will cause excessive 
strains, particularly at the edges of the con- 
tact. 

Rigid pipe receives only nominal sup¬ 
port from ihe side fill. 

Surface loads on soil masses are ordinar¬ 
ily distributed over increasing areas on 
lower levels, as in Figure 5-35 (A), so 
that pressure per square inch diminishes 
rapidly, if there is a difference in bearing 
power of the soils within the affected cone, 


the more rigid soil may carry most or all of 
the load. 

In (B) backfill has been placed loosely 
over an exposed or projected pipe. Settle¬ 
ment under traffic, or from the effects of 
weather, will be a fraction or percentage 
of its depth, so that the thinner fill over the 
pipe will not sink as far and will project 
as a surface ridge. This ridge may receive 
heavier loads, and be more thoroughly 
compacted, than the soil on each side. ° 

If the surface is then bladed smooth, as 
m (C), the more compacted soil will trans- 


5-38 







backfill 


mil most of its loads straight down to the 
pipe, rather than allowing them to spread 
out through the softer fill to each side. 

Loose backfill may have similar behavior 
in a wide trench- In a narrotv one, however, 
loads will be carried by the firmer undis¬ 
turbed walls, as in (D), This arching effect 
will relieve the culvert of part of the weight 
of the upper soil, and of traffic. 

If a trench is loosely filled, settlement 
will result in a surface trough. Vehicles 
bumping across this will cause heavy im¬ 
pact loads. If the pipe is near the surface, 
it may be damaged or destroyed. If deep, 
the loads will be largely carried by the 
walls. 

A tightly tamped backfill should dis¬ 
tribute loads evenly over the whole area 
and subject the culvert to norma! loads for 
its depth, as in (A). 

Whatever load is imposed on the im¬ 
mediate vicinity of the pipe will be shared 
by it and by the fill on each side. If the 
fill is tightly tamped, it will bear a larger 
part of the burden, relieving the top of the 
pipe. Vertical pressure on the side fill is 
partly converted into horizontal pressure 
against the sides of the pipe, providing sup¬ 
port for the top load. 

Tamping. Fill must be tamped under the 
pipe haunches. It should be free of lumps, 
stones and trash, and should contain 
enough moisture to pack, but not enough to 
make it rubbery. It is placed with a hand 
shovel in thin layers. 

The tamper should have a narrow edge 
to enable it to get well under the pipe, and. 
if the trench is narrow, may require a 
curved handle. 

Filling and tamping are done evenly on 
both sides of the trench, to avoid shifting 
the pipe to the side. It may be necessary to 
wedge it in place temporarily with rocks or 
other blocking. Such material may be left 
and buried if the pipe is rigid, but removed 
if it is flexible. 

Tamping blows should not be so vigor¬ 


ous as to wedge the pipe up out of position. 

When sufficient fill has been placed so 
that its surface is out from under the pipe, 
mechanical tampers can be used. Fill 
should be compacted to the full width of 
the trench, or, if the pipe is on the surface 
(projection condition), for one pipe di¬ 
ameter on each side. Layers should be four 
to six inches deep. 

When the pipe is nearly or wholly cov¬ 
ered, layers of six to twelve inches may be 
placed, and tamping continued, until the 
trench is filled to grade. 

Side Fill- When an embankment is to be 
built up on each side of the pipe and above 
it, much of the compaction can be done 
by machinery first moving parallel with 
the pipe, then across it. 

A roller working parallel must be kept 
far enough away so as not to exert a hori¬ 
zontal thrust that will move the pipe. Fill and 
compaction should be kept even on both 
sides. Since there is often only one roller 
available, and it may not be able to get 
across, the other side may be compressed 
with a truck or by tamping. 

Soil between the rolled strips and the 
pipe, and between the rolled strips and 
over the pipe, must be thoroughly tamped. 

Successive layers can be rolled closer to 
the pipe center line. It is good practice to 
postpone crossing it until the fill is as deep 
as the outside diameter of the pipe, to avoid 
pushing it out of line. 

Material is pushed to the pipe by a dozer 
or grader. 

Loose Backfill. The fill may be built up 
to a depth equal to pipe outside diameter, 
then ditched directly over the pipe. The 
trench is filled in loosely, and layers of 
compacted fill built to the top of the em¬ 
bankment in the regular manner. 

The soft fill over the pipe causes the load 
to be transferred to the solid sidewalls. 

If the original trench is backfilled by a 
dozer, care should be taken not to drop 
big rocks on the pipe. 
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FORDS AND DIPS 

Farm or pioneer roads sometimes cross 
a shallow stream on its bottom so that vehi¬ 
cles must drive in the water. This type of 
crossing h called a ford. Lt may be satis¬ 
factory for light or occasional traffic, but 
it is subject to interruption by high water 
and ice + and may develop bad bottom con¬ 
ditions which would be difficult to remedy. 

Crusher rock, in mixed sizes from 
to 2 Vi" makes a good patching and paving 
material. If bank gravel is used, thorough 
raking will allow the water to take away 
excessive fines. 

In arid regions, many watercourses are 
dry most of the time, but will occasionally 
carry such large volumes of water that ade¬ 
quate bridges would be very expensive. In 
such cases, the road may run across the 
channel at its natural grade, with no pro¬ 
vision made for passing water under it. 
The section of road in the channel is usu¬ 
ally heavily built, reinforced concrete slabs 
up 10 two feel in thickness sometimes being 
used. This slab should be sloped on its 
upstream side, and may have a cut off or 
curtain wall extending below its main mass. 

Occasionally a culvert may be placed un¬ 
der or beside the dip to pass small water 
flows, or a culvert structure may include a 
spillway for flood water. 

Second-class roads may cross such a 
stream bed on graded local material that 
must usually be worked over after each flow 
of water. Roads may also run considerable 
distances in stream beds, as this may be 
the only route which is practicable with¬ 
out heavy blasting and grading. 

SOIL MOISTURE 

Water Table, Subsurface water exists in 
three states or zones. The lowest of the 
series is hydrostatic or free ground water. 
Its upper surface is known as the water 
table, or ground water level. It follows the 
contour of the land in a general way, but 


tends to be farther under the surface in hills 
and pervious soils than in hollows and 
heavy soils. If it rises to or above the sur¬ 
face, it makes swamps, ponds, or springs. 

The actions of this water are controlled 
by gravity, causing It to seek lower levels 
by the resistance of the soil to its move¬ 
ment, and by fresh supplies of water reach¬ 
ing it from the surface. 

The water tabic may be static, or fluc¬ 
tuate only slightly, or it may shift up and 
down widely in response to season or rain¬ 
fall 

Soil which is saturated with ground 
water is usually unstable under load, will 
turn to mud if disturbed, and docs not per¬ 
mit the growth of roots of most plants. 

If a hole is dug below the water table, 
it should fill with water. 

Capillary Zone. The capillary zone lies 
above the water table. It may be a few 
inches deep in coarse sand, and eight feet 
or more in heavy soils, ft contains a sub¬ 
stantial quantity of water that is held above 
the gravity surface by capillary attraction 
and other forces tending to attract and 
hold it in the finer soil spaces. 

The amount of contained water dimin¬ 
ishes from the bottom to the top of this 
zone* 

Capillary movement in coarse soils is 
rapid, in fine ones quite slow. 

Raising or lowering the water tabic may 
raise or lower the capillary table. 

Medium and fine soils in this zone usu¬ 
ally contain too much water for stability, 
and may be subject to frost heaving. In 
climates where rainfall exceeds evapora¬ 
tion,. this zone offers the best conditions for 
root growth. In arid regions, the water may 
deposit alkali in the soil and render it unfit 
for cultivation. 

I pper Z-une, The upper or hygroscopic 
£onc contains watcr which is in very thin 
films on the particles, or is in chemical or 
physical combination with them. Some of 
this water is hygroscopic—absorbed from 
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ihc atmosphere—and is greatest in amount 
when humidity is high. 

These small quail lilies of water often 
give the soil maximum stability, by acting 
as a cement or binder. Much of the water 
is too firmly attached to be removed by 
plant roots, or any method but oven bating. 

This zone may also contain varying 
quantities of rain water, moving downward 
by gravity or capillarity, or adhering to 
soil particles. This is available to plants and 
may be found in sufficient quantity to make 
the ground unstable. 

SUBSURFACE DRAINAGE 

Purpose, Subsurface drainage lowers the 
water table. Deep drains, or those in porous 
soil, will lower the capillary surface also. 

Soil must be drained when its water con¬ 
tent makes it incapable of supporting roads 
or other structures on it. Of causes frost 
heaving. 

Playgrounds, golf courses, and other 
recreation areas may require draining to 
dry up spots which remain wet and soft 
long after rains. 

Farmland drainage may serve to elimi¬ 
nate wet spots that cannot be worked as 
early as the surrounding land; to speed up 
the drying and the warming of soil in the 
spring; to encourage plants to form deep 
root systems, with resulting increase in 
vigor and drought resistance; and to leach 
out harmful substances which may accumu¬ 
late in the soil. 



Fig, 3-37* Ground water movement 

Mel hods. Ground water level may be 
artificially lowered by open channels or 
ditches, or by buried pipe or porous ma¬ 
terial. Such pipe is generally referred to as 
lile, even though it might be made of other 
materials. 

In soils that will stand on steep slopes, 
ditches are the most economical construc¬ 
tion down to a depth of a few feet. When 
wide cuts must be made to produce stable 
slopes, or when greater depth is required, 
the open ditch may involve so much exca¬ 
vation as to be more cosily than tile. 

Ditches, together with any space re¬ 
quired for spoil, or for protection of 
machinery against falling in. may occupy a 
rather wide strip of land. In farm land, 
they cut up the fields and add to the ex¬ 
pense of planting and cultivation. They are 
hazardous when" near loads. In any loca¬ 
tion, they will require occasional culverts 
or bridges for crossings. 

Ditches usually require maintenance. 
This may include removing silt and cave- 
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Fig. 5-39. Subsurface drainage patierns 


ins, repairing erosion damage, and cleaning 
out vegetation. Neglect may result in gen¬ 
eral deterioration, with eventual stoppage, 
or expensive re-digging and clearing. 

Buried drains do not cut up the fields, 
nor offer hazards along roadsides. How- 
ever, it one becomes plugged, as a result 


of poor design, improper installation, or 
accident, it may be difficult and expensive 
to locate the difficulty. If the stoppage is 
due to general silting, it will probably be 
cheaper to lay a new line than to dig up 
and clean or repair the old one. 

Choice of the type of drainage will de- 
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pend on local conditions and on individual 
judgment. 

Water Slope. The porosity and bedding 
of the soil largely determine the depth and 
spacing and to some extent the size of 
drains required for a given project. 

A pool of surface water will assume a 


slight but measurable slope front its inlet 
down to an outlet or drain. If the pool is 
choked with weeds and brush, water may 
be removed more rapidly than it can flow 
through the obstructions, so the level at 
the drain may be several inches below other 
pans of the pond as long as flow continues. 
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The water table may be considered to be 
the surface of an underground pond, ob¬ 
structed in its flow by soil particles, If these 
panicles are coarse and loosely fitted, the 
spaces will be large enough to allow some 
freedom of flow, and the slope up from an 
outlet of the water surface will be gradual. 
If the soil is fine grained and compact, the 
spaces will be so small that flow will be 
almost stopped and the gradient down to 
a drain point will be very steep. This slope 
is called the hydraulic gradient. 

Slopes will usually be steeper after rains 
and in wet seasons than when the surface 
is dry. 

If the drainage is to a single pipe opening 
in uniform soil, the drained area will as¬ 
sume the shape of an inverted cone, called 
the cone of depression. See Figure 5-36. 

If the drainage is to a ditch or porous 
horizontal pipe, the shape will be a trough 
of roughly triangular cross section, The 
water surface and movement arc shown in 
5-37, and effects of spacing in 5-38, 

Drainage Layout. Figure 5-39 shows the 
standard patterns used for subdrainage. 
Where practical, the intercepting or curtain 
drain is the most economical. Figure 5-40 
shows two types of condition where it 
should be used. 

The natural system involves use of the 
natural drainage way's for ditch lines, and 
involves minimum excavation. Difficulties 


may be unfavorable surface conditions for 
ditching; irregular pattern which duplicates 
in some spots and is inadequate in others; 
or excessively crooked lines. 

The herringbone, gridiron, and parallel 
systems are best suited to level or evenly 
sloping land. The choice will depend 
largely on which will most readily provide 
best gradients in the lines. 

Depth and Spacing. The table in Figure 
5-41 gives general recommendations for 
depth and spacing. They cannot be strictly 
followed in every case because of wide 
variations in conditions. Tile should at 
least be below the frost line and danger of 
crushing by machinery. 

When a field is first tiled, the widest per¬ 
missible spaces may be used, and additional 
laterals added later if they are required. 

French Drains. These drains, also called 
rubble or blind drains, consist of a rock 
fill in the bottom of a trench, as in Figure 
5-42, with finer material over it. to prevent 
dirt from working down, The usual prac¬ 
tice is to put the large rocks in the bottom. 
The more elaborate ones in (A) and 
(B) will serve the same purposes as open 
joint pipe, but the others are not suitable 
for water carrying sediment, as the lack 
of concentrated flow will allow the spaces 
to fill up until the drain is blocked. 



Fig, 5-42. French drai ns 
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Corncobs, saw mi It scrap, and other 
coarse waste may be used instead of rocks. 

French drains are used chiefly where 
there are abundant supplies of suitable ma¬ 
terials, and their short life expectancy is 
outweighed by the saving in purchase of 
pipe. Labor costs on a carefully constructed 
drain will probably be high, but a dump 
filled one may be quite inexpensive. 

These drains may be used partly to dis¬ 
pose of stone raked out of gravel, or other¬ 
wise appearing during construction work. 

Moles, Certain types of stiff plastic soils 
may be drained by opening pipe-like chan¬ 
nels in the soil. This is done by attaching 
a mole, which is a metal piece shaped like 
an elongated egg, to the heel of a subsoil 
plow, as in Figure 5-43, The plow is set to 
penetrate to the desired depth and the mole 
is dragged through the ground. It pushes 
the soil aside and compacts it. Under favor¬ 
able conditions these tubes will stay open 
for five years or more, and may open per¬ 
manent channels. In other conditions, they 
may close immediately or within a few 
months. 

Drainage is usually to a stream, ditch, or 
hole. The mole is dropped in this and 
pulled straight into the bank and lifted out 
at the upper end of the run, 

A tile or metal pipe screened with 
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Fig, 5-44. Tile drains 

coarse mesh wire should be placed in the 
outlet to protect it against erosion anti plug- 
by entrance of small animals. 
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Fig, 5-43. Mole drainage 


TILE DRAINS 

The simplest type of drainage by under¬ 
ground tiling is shown in Figure 5-44 (A). 
A trench is excavated, the bottom smoothed 
to the desired gradient, butt joint land tile 
may be laid with ends touching, or with 
spaces up to U", and the trench backfilled, 

Water from the affected area drains into 
the tile through the joints, and to a less 
extent through the walls and flows inside 
the tile to the outlet. 

Under favorable conditions, such a drain 
may function for a very long time, How'- 
ever, dirt falling in through the joint and 
entering with the water may fill it up, or 
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plug low spots left by subsidence of the 
ditch bottom. 

In (B; the tile is laid on a bed of 
gravel. This provides a firmer foundation 
and provides a porous space into which dirt 
can drop through joints from the pipe. This 
storage space for sill may fit] so that the 
pipe will ultimately fill also; but it may 
serve to trap all dirt brought in during a 
period of adjustment, after which little or 
no dirt will move. 

In (CJ the pipe is surrounded by gravel, 
which preferably should be a mixture of 
pieces ranging from coarse sand to W 
crushed stone. This serves to filter dirt out 
of incoming water, keeps loose dirt from 
reaching the pipe joints, and provides a 
good bedding. 

Tar paper or hay can be used in con¬ 
nection with any of these techniques, It can 
be laid over the pipe where it prevents din 
front falling' in, particularly when a large 
opening is caused by misalignment The 
joints may be wrapped individually, or cov¬ 
ered by a continuous strip. 

It may also be placed over a gravel top¬ 
ping to prevent soil from working down 
into it. The under surface of the dirt often 
becomes so well stabilized that it will not 
cause trouble after hay has rotted out. 

When the tile is laid on a curve, the wide 
spaces at the outside of the joints should 
be covered with pieces of broken tile. 
Connections of branch lines may be 
made with sewer tile “YY* or tees, or 
by junction pits which may be made large 
enough to serve as line cleanouts. A "Y" 
provides a smoother flow and larger water 
capacity than a tee of the same size. 

f. radii ng. If the ground is muck, or 
otherwise unstable, the file should be sup¬ 
ported by boards, as in (D). Cleatcd 
boards supporting the haunches are prefer¬ 
able to flat boards because of better sup¬ 
port and more permanent alignment. 

Corrugated metal pipe may be used in¬ 
stead of tile and cradles. 


Laying Land Tile. A large part of the 

land or drain tile used is in farmland. The 
work is usually on a fairly large scale, on 
regular grades and with adequate space. 
Costs must generally be kept to a minimum. 

Ditching machines are particularly 
adapted to a rapid sequence of operations. 

Small machines, with buckets as narrow 
as six or eight inches, may be used for 
depths up to four feet. These involve mini¬ 
mum excavation and assure lining up of 
tile. As the maximum depth is approached, 
it becomes more difficult to place tile ac¬ 
curately. and very difficult to remove stones 
or earth that may Tali from the sides. It 
is usually not possible to use a tile laying 
shoe. It may be inconvenient or impossible 
to place grave) or tar paper with the tile. 

Wider buckets will eliminate these diffi¬ 
culties, but will increase the amount of ex¬ 
cavation and backfih. 

The tile supply j 5 laid on the field, paral¬ 
lel with the ditch line, just far enough to 
clear the ditcher, on the side away from 
the intended spoil pile. Pieces are placed 
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end to end to give the correct number, with 
a few extra placed at frequent intervals to 
make up for broken or imperfect tiles. 

The tile should be placed on the ditch 
bottom immediately behind the ditcher to 
minimize the danger of “losing 4 ' the ditch 
through caving of the sides. The first tile 
should be plugged with a stone or half 
brick to protect the line against en(ranee 
of dirt or animals. Pieces are usually picked 
up and placed with an L-shaped rod of light 
iron, A curve bottom ditch will tend to cen¬ 
ter them, but they must be checked for 
alignment anyway. 

Tar paper, if used, should be in a narrow 
continuous strip in a roll h laid over the tile 

If the ditch is wide enough to work in, 
the tile may be laid in the same manner or 


by hand. In the latter case, a picker may 
be used to supply tiles to the ditch man. 

Gravel is sometimes laid under or over 
the tile hy a dump truck with a small open¬ 
ing in the rear gale, similar to that used 
for supplying automatic sand spreaders. It 
straddles the ditch. The gravel may pour 
by gravity, or may be raked or shoveled 
down the body floor by the man controlling 
the gale opening. 

ft is important to smooth off a bottom 
layer of gravel before placing die. 

Tile &oxes* If the ground is not firm 
enough to stand until the pipe and acces¬ 
sories are laid down, a tile-laying box or 
shoe must be used. A number of varieties 
are available, many of them of only local 
distribution. 
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Fig, 5-47, Tile slope chart 

A tile box should be slightly narrower 
than the bucket side cutters. It includes 
the bulldozer or crumbcr attachment which 
smooths the ditch bottom behind the buck¬ 
ets, a pair of parallel walls which will slide 
between the ditch walls, and a chute on 
which tile may be placed to be fed by grav¬ 
ity or manual control into the ditch bottom. 

Figure 5-45 shows a simple type of box 
that is operated from above. 

A more elaborate box in which a man 
can work, and which permits placing of 
tile, bottom and top gravel, and tar paper, 
is shown diagram matically in Figure 5-46. 
This is suitable for the greater depths re¬ 
quired In irrigated Helds. 

Two gravel hoppers are mounted on the 
box, front and rear. A roll of tar paper is 
mounted on an axle across the inside of 
the box. The tile layer sils near the bottom, 
his back to the “bulldozer," a cleaning 
blade which follows the wheel. The tiles 
rest on a shelf in front of him, and are 
replaced as he uses them by a man standing 
on the box, who picks them up with a rod. 

As the ditcher moves forward, the blade 
smooths and shapes the bottom of the ditch. 
The front hopper spreads a strip of gravel 
on the bottom. The thickness of this strip 
is regulated by raising or lowering the hop¬ 
per spout. The tile is laid on the gravel, 
with the ends touching. The tar paper rolls 
off its spool to cover the pipe and the rear 
hopper deposits gravel on it. 


The bottom of the rear plate may be 
curved to smooth over the top of the gravel, 
or may be set to ride several inches above 
it. A dozer works immediately behind the 
machine backfilling. This is necessary, for 
if the ditch is allowed to stand open an 
appreciable time, one of the walls might 
move horizontally and slide the tile out of 
line. 

The gravel may be piled beside the dig¬ 
ging tine, outside of the tile string, and 
placed in the hoppers by a small tractor 
front loader. A hydraulic control clamshell 
bucket is more efficient than the regular 
loader bucket, as it picks up the gravel 
without pushing it around. 

A tile box is best adapted to wheel ditch¬ 
ers as they do not disturb its digging bal¬ 
ance. Attachment to a ladder ditcher is 
possible, but is more difficult as it tends 
to pull the bottom of the ladder backward 
and upward. 

Backfilling. In agricultural work, it is 
customary to backfill with the soil dug from 
the ditch after placing the pipe and what¬ 
ever porous material is required. However, 
if it is to act as an intercepting or curtain 
drain, imported porous material—such as 
gravel, sand, or corncobs—may be used 
to near plow depth. A top layel of native 
*oil should be used to prevent surface water 
from washing in with its probable burden 
of silt and trash. 

Whatever type of material is used next 
to the tile, it may be advisable to place it 
carefully by hand until there is no danger of 
the pipe sections rolling out of alignment. 
Compacting it immediately over the pipe 
(blinding) may reduce silting. 

Gradients (Fall flr Slope)' Figure 5-47 
indicates graphically the most ^desirable 
gradients for land tile of various sizes It 
will be noted that up to 6" diameter a maxi¬ 
mum of one percent is desirable, over two 
percent is not permissible, and that larger 
sizes require Hatter slopes. 

Steeper slopes may give sufficient velocity 
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Fig. 5-4S, Area-isle table 

to create eddies that will erode material 
below the joint, with possible undermining 
of the tile. This may result in stoppage, in 
blowing oul lo the surface, or in washing 
out of sections of Line, 

When steeper overall slopes are required 
by the topography, tiling may be done in 
a series of benches or levels, connected by 
inclines of sewer tile with cemented joints. 
Flatter slopes increase danger of sitting. 
Tile Size. Figure 5-4ft shows the number 
of acres that will be drained by tile of 
various sizes, at slopes up to one percent. 
Some of the sizes listed may not be gener¬ 
ally available, and these figures are for 
average conditions. 

It is good practice to use tile of larger 
than minimum diameter for a line so that 
effectiveness will not be lost as readily by 
silting or misalignment. 

Surface lnlet?i, A tile drainage system 
may include one or more places where sur¬ 
face water can drain into it. The flow of 
water should be calculated and the lile in¬ 
creased in size to accommodate it. 

Such inlets require careful design. They 
must be arranged so that dirt cannot be 
washed in, so that animals cannot enter, 
and so that hydraulic pressure cannot be 


exerted on the tile underneath the opening. 

For example, if a six-inch inlet to a six- 
inch line is used, water ponding over it due 
to excessive rainfall may put hydraulic 
pressure on the underground pipe t causing 
loo fast a flow and probable erosion. 

If the inlet is choked dowm to three or 
four inches, or provisions are made for sur¬ 
face overflow* this difficulty should not oc¬ 
cur 

Outlets. The tile line or system may ter¬ 
minate in a drainage ditch, a large drain 
system, a river, lake or sea, or in a sump, 
if a sump, an automatic electric pump 
should be used to keep the water level 
below the bottom of the tile to insure free 
drainage. 

A projecting metal pipe may be used, 
as in Figure 5-4% or a masonry spillway, 
5-50, to avoid bank erosion and an under¬ 
mining. Since outfall lines often lie under 
surface channel it may be necessary to 
make provision for surface flow also, as 
shown. 

The outlet should be protected against 
entrance of small animals by coarse mesh 
wire, a grating, Figure 5-51 or an auto¬ 
matic gate, as in Figure 5- 52, 

A drainage system that ends in salt water 
between high and low tides, or in a water¬ 
way subject to flooding, should he fitted 
with a check valve or gate that will let the 
drain water oue, but not allow the sea or 
flood water in. To make this effective, the 
last few feet of tile should be glazed and 
a concrete head wall used. 

Corrugated Pipe. Perforated metal pipe 
may be used instead of tile. It is usually of 
light weight corrugated construction, with 
four parallel rows of */ in or % holes. Such 
pipe is light* tough, comes in long pieces, 
and is easy to lay, except in caving soil 
where a tile laying box is needed. 

It is placed with the holes in the under- 
slopes or haunches, as this position keeps 
sikine to a minimum. It is good practice 
to use collars at I he joints. 
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Fi g. 5-49, Projecting drainage outlet 


This pipe is too expensive for ordinary 
agricultural work* hui is widely used for 
road subdrains because of its resistance to 
crushing and its dependable alignment. 

Plugging. Tiles may become partially 
plugged with mud entering with ground 
water* particularly when no protecting 
gravel and paper arc used. Flooded streams 
may also cause plugging, either by backing 
up the tile or causing the water to stagnate 
in them. 

It is sometimes possible to flush tiles 
clean by utilizing a surface inlet, or opening 
the upper end and putting a large volume 
of clean water through. The flow should 
be started slowly, ns a rush of water might 
move enough mud to form a solid block, 



Fig. 5-50. Outlet for tile and for surface 
drainage 


which would necessitate abandonment of 
the line. 

It usually is cheaper to lay new tile than 
to dig up and clean an old one, unless the 
stoppage is in a small area and can be lo¬ 
cated accurately. 

SEPTIC DRAINS 

Sonic drains have no open discharge but 
depend on the porosity of the soil through 
which they run, or in which they end, A 
common type is the septic field for disposal 
of domestic waste, a set of standards for 
which is shown in Figures 5-53 and 5-54. 
Septic tank overflow is carried in a sealed 
pipe to the head of the Held, which con¬ 
sists of a number of lines of porous land 



Fig, 5-5 L Protected pipe outlet 






































SEPTIC SYSTEM 


tile with a maximum slope of one inch to 
16 feet, with open joints on a base of graded 
washed gravel that is brought up the sides 
hush with the top. Building paper or hay is 
placed over this to prevent dirt fill from 
sifting into the spaces. Fluids in the pipe 
leak out at the joints and percolate through 
the gravel and subsoil down to the ground 
water. The gravel serves to widen the area 
over which the sewage can come in contact 
with the soil. 

Purification is affected by microorgan¬ 
isms in the septic tank and in the soil 

For successful operation, a septic field 
must distribute the sewage evenly over an 
area large enough to absorb it completely. 
If the system is overburdened, or if some 
part of it carries too large a share of the 
total load, the fluids may force a channel 
and flow out on the surface. 

Pervious soils absorb the sewage much 
more rapidly than tight ones, and can han¬ 
dle much larger quantities per foot of tile 
and square foot of trench. 

The size of a system is calculated on the 
basis of volume of flow and the rate of ab¬ 
sorption. For this set of specifications, it is 
figured there will be 100 gallons per person 
per day in residences. Day schools have a 
rate of 15 to 35* and restaurants and busi¬ 
ness buildings 10. 

A percolation test is made on the soil 
Holes a foot square are dug 10 the bottom 
level of the proposed trenches, and filted 
with water to a depth of two feet. The wa¬ 
ter is allowed to drain until it is six inches 
deep. The time required to fall to five 
inches is recorded. 

This process is repeated until the drop 
from six to five inches takes the same time 
on two successive tries. This time is 
matched to the same or the next higher fig¬ 
ure in column I, Figure 5-54. The center 
column gives the absorption rate, the right 
hand one the number of square feet of 
trench bottom needed. 

The tank should have a capacity of not 



Fig. 5-52, Automatic outlet gate 

less than 100 gallons per person. Any wa¬ 
tertight construction may be permitted. 
Concrete block, special concrete slabs, 
poured concrete, and prefabricated tanks 
are used. 

Where a garbage destructor is used, 
50% should be added to all capacities. 

As with most permanent installations, it 
is good policy to be generous in figuring. 
The load might increase, or the soil might 
lose absorption efficiency. 

The field should not be heavily shaded, 
and cannot be crossed by vehicles* It must 
be at least 25 feet from any pond or stream, 
and 50 to 100 feet from any drilled well or 
reservoir. It must not drain toward a sur¬ 
face well or spring used for household wa¬ 
ter, at any distance. 

If the native soil is not suitable, or the 
water table is high, it may be necessary to 
install a curtain drain to divert water! or to 
haul in hundreds of yards of sand to con¬ 
struct a filter bed in which to lay the tile 
field. This can be expensive enough to be a 
determining factor in selecting a lot. 

Local regulations should be consulted 
before arranging for sewage disposal, as 
methods vary in different areas and exact 
conformance may be required. 
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TYPICAL DETAILS FOR SMALL SEWAGE DISPOSAL SYSTEMS 
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VERTICAL DRAINAGE 
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Fig. 5-54. Septic field data 


Septic systems are used only where pub¬ 
lic sewers are not accessible, and are usu¬ 
ally abandoned if a sewer is laid. 

A drain may also terminate in a dry well. 
The well consists of a hole in the earth, 
filled with loose rock, rubble, or dean 
gravel The pipe discharges into it, and the 
fluid soaks out of the sides or bottom, or 


becomes part of the general circulation of 
ground water. This system depends on per¬ 
vious soil in contact with the dry well 

VERTICAL DRAINS 

Vertical drains of sand or porous soil 
can be used to move water up or down. 
They are often made by drilling or blasting 
holes in an impervious layer lying over a 
pervious one. Figure 5-55 (A) shows a 
section of ground in which opening up the 
hard pan would allow water to drain into 
underlying gravel, and (B) shows a pond 
which is able to exist above the water table 
in a pervious sand, because silt and organic 
matter deposited from the water has sealed 
all spaces in a thin layer on its botiom and 
sides. Breaking this layer by any means will 
cause the pond to drain unless sufficient 
silt is stirred up to seal it again. 

Vertical drains, through which water 
rises because of being displaced by the 
weight of fill are used to stabilize deep 
layers of saturated peat. Such soils may 
contain 50 percent or more of water, and 




Fig. 5-55. Perched water tables 
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Fig, 5-56, Vertical sand drain installation 


behave like viscous fluids under pressure. 
Fills placed on them sink, owing in pari 
to water being squeezed out of the mud, 
and partly lo Ihc mud being displaced to 
each side. This settling of the fill may 
continue a great many years, and become 
so uneven as to make pavements or olher 
structures on ihc fill become unusable. 

The squeezing out of water may be ac¬ 
celerated, and the sideward movement of 
mud practically eliminated, by making ver¬ 


tical holes in the mud, filling them with clean 
sand, and connecting their tops with a 
drainage system, as indicated by diagrams 
in Figure 5-56 and 5 - 57 . The fill is then 
placed and its weight causes the water 
to enter the sand columns and rise into the 
drains. If the columns are properly spaced, 
sufficient water will be removed to stabilize 
the mud enough to carry the intended load. 

This technique is comparatively new and 
has not yet been reduced to a formula. Part 
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Fig. 5-57. Vertical sand drain installation (continued) 


of the till may be placed on the swamp, 
then the holes made by sinking a hollow 
walled pipe by jetting with water and com¬ 
pressed air, or by driving a hollow pile with 
a detachable head. In cither case, when 
the lube has reached the bottom of the soft 
layer, it is filled with sand and pulled, leav¬ 
ing the sand in the hole. Hole diameters of 
16 to 24 inches are commonly used, with 
spacing varying between 8 and 22 feet. 

If the tube is pulled by conventional 


methods, the sand may stick to it and be 
raised sufficiently to allow mud to enter 
crevices in it and interrupt the drainage. 
This may be avoided by attaching an air¬ 
tight head to the tube after the sand has 
been placed, and pumping compressed air 
between the head and the sand, This raises 
the tube but exerts an equal downward 
force against the sand and holds it in place 
and together. 

The tops of the columns may be drained 
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PUMPING 


by spreading a blanket of clean gravel or 
sand, a foot or more in depth, over the 
whole area; or by connecting the columns 
with tile or rubble drains. If the fill is all 
gravel, a drainage layer may not be needed. 

Settling may be still further speeded by 
placing more fill than will be required for 
final grade. The extra weight will squeeze 
the water out of the mud more quickly. 
When settlement is judged to be complete, 
the extra fill is removed. 

EXCAVATIONS 

It is desirable to remove surface and 
ground water from areas to be excavated, 
but the cost may exceed the advantages 
gained. 

Water may be removed naturally by 
seasonal change, or artificially by diversion, 
draining, siphoning, or pumping. 

Seasonal Lowering. The seasonal fall of 
ground water level may be quite consider¬ 
able in areas having dry summers. Some 
places which are so wet in winter and 
spring as to be very expensive to work, 
may become dry to depths of five to thirty 
feet. Permanent swamps may develop suffi¬ 
cient crusts to allow movement of machin¬ 
ery. 

Such changes are not uniform, as a wet 
season may keep water levels abnormally 
high while an exceptional drought will 
cause extreme or unseasonable lowering. 

When it can be arranged, it is obviously 
good practice to undertake wet excavation 
in a dry period, as any reduction in either 
mud or unwanted water will reduce costs. 
The economy is greatest in work in marshy 
areas and in shallow excavations, but may 
be noticeable even in deep work, 

PUMPING 

Dewatering of excavations commonly re¬ 
quires use of pump. 

]f the water is small in volume or con¬ 
tains a heavy load of mud or other solids, 
a diaphragm pump is preferred. A centrifu¬ 


gal pump is needed lor larger quantities. 

A centrifugal pump should bo placed as 
near the water level as possible. More en¬ 
ergy is used pumping water over a high 
bank than over a low one, but the total lift 
may be largely determined by the job. How¬ 
ever, these pump will push the water more 
efficiently than they will pull it, and much 
better output will be obtained by keeping 
the suction line short. 

A standard centrifugal pump is built to 
handle solid water and pumps air with 
difficulty. When the pump and inlet hose 
are empty, the pump must be filled with 
water (primed) before starting, and will 
then work for a while slowly drawing the 
air out of the inlet pipe. When the water 
is sucked into the pump its efficiency rises 
abruptly. If air is permitted to enter the 
intake, the pump will lose its grip and have 
to again slowly work up enough vacuum 
to lift the water into it. This process is 
fairly quick in new pump, but in worn 
ones is slow if the lift is at all high. 

Air leaks on the inlet side of the pump 
should be carefully guarded against. 
Threaded pipe connections should be 
treated with pipe dope and tightened firmly; 
bolted ones should have both faces of the 
coupling dean, a gasket and sealing com¬ 
pound used, and bolts tightened dow r n well. 
Inspection ports should be well seated and 
sealed, and gauges and plug fittings should 
be doped and tightened If the shaft from 
the engine goes through a packing box, 
the packing should be tight enough so that 
there will be no drip when the pump is 
slopped. 

Even small air leaks may prevent a pump 
from picking up water, and large ones de¬ 
veloping while running may cause it to lose 
its prime. A pump may also fail to work 
because of a clogged inlet pipe, ft is very 
desirable to keep a vacuum gauge on the 
inlet side, as it will indicate the conditions 
of the pump. Low vacuum indicates air 
leaks, lack of sufficient water in the pump, 
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INLET PROTECTION 


or worn or broken impeller and wear plates. 
Abnormally high vacuum indicates plugged 
intake line. 

If the vacuum is low, but no leaks arc 
found, wet clay should be plastered over 
all joints and possible cracks or fissures. 
This makes a good temporary seal for 
small leaks. The pump casing should be 
checked for cracks and the packing tight¬ 
ened. 

Inlet Protection. The low end of the inlet 
pipe should be fitted with a screen which 
will prevent entry of any object large 
enough to plug the pipe or damage die 
pump. Water containing leaves or other 
fibrous matter will clog such a screen read¬ 
ily, and may make necessary the placing 
of an outer screen of quarter or half inch 
mesh, or some similar wire. This outer 
screen is best located far enough from the 
inlet so that water going through it will not 
have force enough to hold rubbish against 
it to block it. See Figure 5-58. 

Another inlet problem is that of the pipe 
and screen sinking into a muddy bottom 
and becoming blocked, or being buried by 
soil washed over it. Placing the inlet in a 
wooden box will prevent sinking and make 
it easier for the pump to suck up washings. 

In long inlet lines* or large ones* it is 
good to have a foot valve in the bottom to 
hold water in the pipe while the pump 
is not running* unless the pump is tight and 
the inlet under water at all times* This 
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Fig, 3 “58. Trash protection for inlet 

will save time pumping out air each time 
the pump is started. Unfortunately* foot 
valves are subject to jamming and sticking, 
and may need frequent attention to keep 
them working, 

A whirlpool may form over the suction 
end of the inlet pipe which will allow air 
to enter the pipe through several feet of 
water. This is most apt to happen if the 



Fig. 5-59, Mud protection for inlet 
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PUMPING 


pipe is lying in a nearly horizontal posi¬ 
tion. It can usually be prevented by ar¬ 
ranging the end of the pipe to hang ver¬ 
tically or attaching a shield over the inlet, 
or by throwing a square or round piece 
of flat wood in the water, which will tend 
to center in the whirlpool and block the air 
passage. 

A pump will work best if a foot or two 
of water is kept over die inlet. In most 
excavations, the bottoms should be kept as 
dry as possible. It therefore is advisable to 
dig a sump pit for the pump hose, and to 
cut through any ridges that prevent water 
from flowing into it from (he pit. 

Dirty Water. If the water flowing into 
the excavation is dirty, it indicates that 
soil is being brought in from outside the 
excavation. Continued pumping may cause 
caving of banks due to undermining; or 
even may cause sinking of adjoining build¬ 
ings or roads. It i$ wise to keep such pump¬ 
ing to the minimum required for the work 
and to finish the job as rapidly as possible, 
even at extra expense. It may be necessary 
to dry the area by well points, or to block 
the water off by grout, chemicals, or freez¬ 
ing. 

Contractors* liability and property dam¬ 
age insurance ordinarily does not cover 
damage to structures by undermining, 
even in the “comprehensive’* policies. A 
special endorsement is necessary, and in¬ 
spection of the job is usually required. 

Well Points. A well point pump is a 
centrifugal pump with rather close fitting 
parts, and often with an auxiliary air- 
vacuum pump, and which can work effi¬ 
ciently in spite of a fairly high proportion 
of air in die intake lines. 

A well point is a section of finely per¬ 
forated pipe that is sunk into the ground 
by jetting, driving, or drilling. It is attached 
to ordinary iron pipe which rises to the 
surface and is connected by other lines to 
a pump* which usually takes care of a num¬ 
ber of points. 


When the pump is running, the ground 
water in contact with the well point is 
drawn through the holes or slits into the 
pipe and pumped away. The holes are so 
small that only very fine particles of earth 
will pass through them. The continued suc¬ 
tion gradually removes all such particles 
from the area immediately around the pipe, 
leaving the coarser ones* This makes a 
porous screen with an outside area several 
times larger than that of the point, and 
improves its gathering efficiency. 

Each well point will remove ground wa¬ 
ter from a cone of depression around it, 
the slope of which depends largely on the 
porosity of the soil. 

If well points are placed in a line so 
that their cones overlap, a continuous band 
of soil can be dewatered, as in Figure 5-60. 

A ditch could be dug in this band with¬ 
out encountering ground water, regardless 
of otherwise saturated conditions through¬ 
out the area. 

The well points may also be set in a 
square pattern to dry up the ground for a 
cellar or similar excavation. It is some¬ 
times possible to dewater such an area by 
using points as a curtain drain where the 
source and depth of the water are known. 

In order to eliminate mud difficulties* the 
points should be placed deep enough so 
that the excavation will not reach capillary 
water standing above the artificially low¬ 
ered water table. 

In a deep excavation, it will be necessary 
to reset the well points and pumps on suc¬ 
cessively lower benches as the digging pro¬ 
gresses, because of the inefficiency of high 
suction lifts. This may be done by starting 
the excavation oversize so as to leave a 
shelf at the bottom of each cut for place- 
mem of the pumps and lines* as in 5-61. 

Well points are most efficient in porous 
soils and will ordinarily not give good re¬ 
sults in clay soils. In peat, the points are 
jetted down and sand dumped in the hole 
around them to increase contact area. 
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Proper use of well points involves con¬ 
siderable work in placing,, connecting, and 
moving poults, and pumping is usually on 
a twenty-four hour a day basis for the dura* 
lion of the job. In addition, considerable 
experience is desirable in order to avoid 
wasted time and possible failure to keep 
the job dry r It is generally advisable to 
subcontract this work to specialists. 

Deep Hole Pumping, An excavation area 


may be predrained by sinking a number of 
shafts* lined with timber or pipe, and 
pumping from the bottom. The pumps used 
are usually small with electric motors. The 
shafts are more widely spaced than well 
points and can be used to much greater 
depths. Drilling and lining is expensive. 

Deep well pumps* of the piston or the 
jet type used for water supply* may be 
used if equipped with good sand filters. 



Fig. 5-61. Deep well point pumping 
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CELLAR DRAINAGE 


Sump Pumping. Shallow layers of soil 
may be dried by digging a deep hole in the 
area and keeping it pumped out. Effective¬ 
ness and promptness of drying may be im¬ 
proved by a system of ditches draining into 
the sump. These may run along the outside 
edges of the site and into the interior in any 
convenient pattern. 

This is an excellent and inexpensive way 
to dewater a swamp before digging a pond, 
unless the flow 1 of w r ater into ihe area re¬ 
quires an excessive amount of pumping 
during die drying process. 

Jelling. Iciting with high pressure water, 
or less commonly^ compressed air, is used 
in making deep narrow holes for setting 
piles, installing vertical drains, obtaining 
soil samples, and for various other pur¬ 
poses. 

Pressures required range from a few 
pounds for penetrating loose fine deposits 
to several hundred for tough clays. 

A single pipe with a nozzle or reduction 
in size at the tip may be used in probing 
for rock or other obstructions. The tip re¬ 
duction increases the velocity of the water 
and makes plugging less likely if it is forced 
into soil which the water wifi not cut. 

Single pipe holes are irregular in shape, 
as the exhaust water and spoil rise around 
the pipe and will erode channels along the 
path of least resistance. 

A better system is to use several water 
jets around the riin of a pipe so that wash¬ 
ings can rise through the pipe to the sur¬ 
face, Water may be supplied through 
separate pipes, or by welding one pipe inside 
another, leaving a space between them for 
passage of water from an upper inlet con¬ 
nection to the bottom jets. 

There should be at least three jets, 
preferably four or more. They must be 
evenly spaced around the circumference 
to prevent the pipe from drifting sideward 
toward the most elective erosion. 

The pipe should be handled by a crane 
or some other type of hoist. 


The lower end is sometimes fitted with 
teeth, and is lifted and dropped to loosen 
hard materials. The nozzles must be well 
protected against contact with hard dirt if 
this method fc used, 

CELLAR DRAINAGE 

Excavating contractors are often con¬ 
sulted about the feasibility of having a 
cellar under a house. The problem may be 
one of the cost of dealing with rock on the 
site, or a fear of water conditions which 
would make the basement wet and unusa¬ 
ble. 

If proper procedures are followed, a cel¬ 
lar can be kept dry in any location where 
water docs not spill in the windows or over 
the top of its wall. The cost ranges from 
the sometimes nominal expense of install¬ 
ing subdrains, up to thirty or more cents 
a square foot (1954 prices) for complete 
waterproofing of floor and walls. 

Soils and Locution's. The tight soils such 
as clay or the various varieties of hardpan 
tend to become saturated in wet seasons, 
even near hilltops. The quantity of water 
Ihey may carry, which is the basis for de¬ 
ciding on drain size, may be very difficult 
to determine in a dry season. In general, 
if the soil contains long streaks or tubes 
of sand or very fine pebbles, it may be 
assumed that there is considerable flow 
through it. If there are spots near the 
house site which ooze water in the spring, 
or in which water-loving plants grow, a 
serious drainage problem is indicated. 

Difficult ecs arc -sometimes avoided by 
shifting the house site to a spot with better 
drainage, or doing only shallow excavation 
and obtaining depth by filling around the 
walls. Drains should still be used as ground 
water may rise into the fill. 

Subriraimagc* Drainage around the foot¬ 
ings is a precaution that should always be 
taken if there is any lower point to which 
water can be fed, A porous soil such as 
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sand or gravel can seldom hold enough wa¬ 
ter to wet a ccllur, but it may be part of 
a waterlogged lowland or a gradual slope 
up from one, or have water held in it by 
layers or Kills of clay. 

IhQ standard cellar subdrainage consists 
of a line of land tile laid completely around 
the outside of the footing, and preferably 
a foot to eighteen inches below cellar 
floor level. It should be laid in a fine 
crushed stone, protected with tar paper or 
hay, and backfilled promptly. Such tile has 
a downward pitch of one-half to one per¬ 
cent from a point opposite the outlet. 

The outlet may be land rile, but because 
of the danger of entrance of plant roots, 
glazed sewer tile with cemented joints is 
better. It should slope down away from 
the house at one to five percent grade to 
a disposal point. This may be a storm wa¬ 
ter drain under the street, a stream, or 
lower ground. 

A storm water drain complication is that 
water entering the system at higher levels 
may back up through the tile and saturate 
the ground around its walls temporarily. 

When there is no storm water drain, or 
connection to it is considered unwise, a 
discharge point on the same properly 
should be sought- It is often easy to get 
permission to lay pipe through a neighbors 
yard, but impossible to get a formal case¬ 
ment to keep it there. 

A pipe having an open discharge should 
always be kept covered with coarse screen¬ 
ing to prevent animals from entering it. 

II the pipe is large* a flap gate can be used, 
but these are not satisfactory in small sizes. 

In many situations an open flow of wa¬ 
ter from a pipe is objectionable. In such 
cases the drain may lead into a dry w^ell, 
or into lite laid out in the same manner 
as a septic field. An overflow exit may be 
provided, or the water may be left to work 
that out for itself. 

Standard practice calls for four inch tile 
around the foundation. This is often too 
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small* and its inadequacy is the cause of 
endless trouble. Even a small house can 
block a considerable area of horizontal 
movement of ground water, which will try 
to enter it unless it is drained oil- After 
a heavy rain, a previously unnoticed seep¬ 
age vein or group of small channels may 
carrv more water than u small tile can hope 
to accommodate* and the foundation wall 
may cut into a number of them. Six inches 
is a safer minimum size. 

The outlet drain can be the same size 
if the slope is steeper, or the next larger 
if it is the same. 

lf the house is on a slope most although 
not necessarily all of the water will be 
against the upper wall or walls, and may 
require eight to twelve inch pipe. If there 
is a long slope above the house, surface 
water may constitute a serious problem 
that is best solved by leading it through 
gratings and vertical pipes to the footing 
rile, which may then be as large as twenty 
inches The size needed can be figured in 
the same way shown earlier for culverts, 
plus a liberal allowance for underground 
flow. 

The floor should he laid on four to 
eight inches of crushed stone or gravel. 
This should be connected lo the outside 
subdrain by a die llirough or under the 
footing. If less gravel is used, one or two 
lines of tile might be laid under the floor. 
The gravel will serve lo catch any vertical 
seepage of water, and will insulate and 
strengthen the floor also. The tile serves 
only for drainage. 

Gutter leaders can be tied directly into 
the footing tile, emptied into nearby dry 
wells which will ultimately drain into it, or 
provided with dry wells or outlets at a dis¬ 
tance, 

[f they dump directly into the tile, it 
must he'large enough to carry easily all 
the water that will enter it from the ground 
and from the gutters. If the gutter water 
tries lo enter a tile which is already full. 
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it will accumulate in the leader and may 
build up to a head of fifteen or more feet, 
The resulting pressure inside the tile will 
force water out of the joints and cause 
erosion and misalignment that may result 
in entire failure. 

On the other hand, if tile size is ample, 
the swift current of gutter water will tend 
to cany away dirt which may work into 
the tile from the ground. 

If dry wells are used, it is best to place 
them well away from the house. 

Where porous fill is available, it should 
be used for backfill against the foundation 
to prevent water pockets from forming 
against the wall. Surface water can be 
kept out of it by sloping up toward the 
foundation, and by placing a capping of 
topsoil. 

Porous breather pipes or a hollow tile 
outer wall may be carried from the tile 
to the surface, against the foundation. Air 
chilled by contact with the ground tends 
to llow down the drain to the outlet, and 
when it can be replaced by warm air pulled 
down from the surface the resulting circu¬ 
lation warms the soil and the wall, and 
reduces the problem of condensation inside 
the cellar, 

A house which has been built without 
subdrains or with inadequate ones can 
often be protected by installing a deep 
curtain drain along the uphill slope. This 
may be built to cut off underground water 
only, or to take care of surface water as 
well. 

If a cellar is to be built in a hole blasted 
out of solid rock, it is good practice to pro¬ 
vide a sump hole, about three feet deep and 
square, in a comer. 

If water difficulties develop, an auto¬ 
matic pump can be quickly installed to re¬ 
move it from the cellar itself, or from the 
floor base where it might otherwise build 
up enough pressure to cause heaving and 
cracking. 

The sump can be protected with a man¬ 


hole cover when not in use. A 36 Inch 
sewer tile open at the bottom makes an 
excellent lining. 

This is cheap insurance against the pos¬ 
sibility of needing an expensive and dam¬ 
aging ditch blasting operation, or an elabo¬ 
rate waterproofing job. 

Waterproofing, If there is no downhill 
point or storm water pipe to which sub¬ 
surface water can be drained, and location 
and soli type indicate the probability of 
ground water, the cellar should be water¬ 
proofed. This can be done more thoroughly 
and economically during construction than 
afterward. 

A minimum treatment which should be 
given to the underground part of any 
house wail, except possibly in arid regions, 
is a coat of waterproof 'paint. This will 
seldom suffice to keep out water that is 
trying to force its way in, but will cut 
oif the capillary water which is a large 
factor in wall dampness. Mixing water¬ 
proofing into the surface coat of the floor 
is also helpful. 

A complete waterproofing job starts 
w'hen the footing is complete, and before 
the walls are built. A concrete sub-floor, 
perhaps an inch thick, is laid and smoothed 
oil Hush with the tops of the footings. 
When this has set, three or four ply mem¬ 
brane rooting, consisting of alternate layers 
of roofing mastic and tar paper, or of 
similar materials, is laid over the whole 
floor area, so that it projects beyond the 
fooling on all sides. The walls are then 
built of poured concrete or blocks, and 
membrane roofing tied in with the project¬ 
ing ends of the floor covering and carried 
up the walls to grade line. 

Water exerts considerable pressure so 
dial larger than standard blocks should be 
used in the lower part of the wall, and 
they should be filled with cement and re¬ 
inforced as well. At grade line a transition 
to smaller blocks may be made with the 
step on the outside. The waterproofing 
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membrane is curved in on this step, and 
caught under a stucco coat which goes 
up to the sill line. Any pipes going through 
the wall are surrounded by hashing. 

Water pressure is even more critical un¬ 
der the floor. A reinforced concrete slab 
is poured over the waterproofing, at least 
four inches thick, and a surface smooth¬ 
ing layer of one inch may be added. Water 
standing up to five feet above the floor 
level on the outside may require a seven 
inch slab, plus topping. The thickness re¬ 
quired is somewhat affected by the span 
between walls, or between weight-bearing 
partitions or columns. It is essential that 
the waterproofing extend under the chim¬ 
ney, and its weight is an effective hold¬ 
down for the slab in its immediate area. 

Another method is to pour a one piece 
reinforced concrete floor and walls with 
waterproofing compound added to the en¬ 
tire mix. This may or may not be placed 
over membrane waterproofing on tne floor 
area, but does not require that the mem¬ 
brane be extended up the sides. The whole 
job should be done at one time as leaks 
may develop at joints between pours made 
on successive days, 

A floor and a foundation constructed in 
either manner should be permanently water¬ 
proofed, regardless of water conditions out¬ 
side them. There is even some danger that 
if a house is not built on it, it might be 
floated out of the ground in a flood. 

A cellar usually has an inside drainage 
system to lake care of leaks, condensation, 
overflowed or broken plumbing, and such. 


This may open into the outlet of the out¬ 
side subdrain, a storm water drain, or be 
caught in a sump which is emptied by an 
automatic pump. 

Any outlet to either a tile system or a 
storm drain should have a cheek valve or 
a screw or damp cap which can be used 
to prevent water from backing through it 
into the cellar. 

Waterproofing a finished cellar involves 
multiple coats of waterproofing material on 
the inside of the walls, and laying mem¬ 
brane roofing on the floor and pouring a 
new slab on top of it. If there is not enough 
room for this, the old floor has to be 
broken up. The furnace should be treated 
in the same way as the walls, and any inside 
passages below the danger level thoroughly 
scaled off. 

Condensation, Before undertaking any 
considerable expense to stop leaks into a 
cellar, it should be found out definitely 
whether they exist. Condensation may make 
substantial amounts of water appear on 
walls and floor. Sf the trouble occurs in 
hot weather, it is probably condensation; 
if in the wet season or during heavy storms, 
it is most likely leakage. If a piece of card¬ 
board is secured against a suspected spot, 
it will get wet on the wall side if it is 
leakage, and on the room side if it is con¬ 
densation. 

Condensation may be checked by coat¬ 
ing the wall with cement plaster or some 
other coarse absorbent material, or by 
running an electric dehumidifier in the 
room. 
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The discussion in this chapter will be 
limited to ponds varying from a few square 
yards to a few hundred acres in area, 
which may be built according to the judg¬ 
ment of the landowner or the contractor, 
rather than according to detailed specifica¬ 
tions. 

Such ponds may serve as small reservoirs 
for domestic and industrial use, or to pro¬ 
vide water for fire fighting, for animals, and 
for fishing and other recreation. They may 
also be useful in swamp reclamation, 
ground water replenishment, and flood 
control. 

They may be made by damming streams, 
digging holes for streams to fill, digging 
below the water table, or by combinations 
of these techniques. Dry hollows may some¬ 
times be converted into ponds by diverting 
streams, tapping springs, or lifting under¬ 
ground water by means of windmills or 
other pumps, 

SWAMP RECLAMATION 

Soil Conditions. Swamps which are wet 
all year are logical places to dig ponds. 
The spoil taken out of the excavation can 
be used to build up the area around it so 
that the section worked is changed from 
a bog into open water and dry land. 

Swamps commonly have a top layer of 
soft peat or muck soil, which may be of 
any thickness from a few inches to a hun¬ 
dred feet or more. This organic material 
is easy to dig but provides very treacherous 


support for machinery. Below the muck, 
any type of soil or rock may be found. 

The reader is referred to Chapter 3 for 
techniques in handling the mud that is one 
of the usual problems of swamp work. 
The dragline is the best machine for swamp 
digging and mud handling. 

Mud may be reduced or eliminated by 
working in a dry season, by diverting, 
draining, or pumping out the water before 
or during the work, or drying up the area 
by sump or well point pumping. These 
techniques are discussed below and in 
Chapter 5. 

Jt is very advantageous to gel rid of 
as much water as is reasonably possible. 
Water prevents the operator from seeing 
the bottom he is cutting, with resultant 
wasted passes and gouging. It reduces the 
discing effectiveness of the bucket so that 
some soils which can easily be dug when 
dry cannot be penetrated when under a 
foot or two of water. Even with skillful 
operation, water will mix with soil in the 
bucket, making sloppy spoil piles that re¬ 
duce the amount of digging at a stand, and 
which sometimes will flow back into the 
excavation or cut off the shovel s exit. 

Digging Plan. Figure 6-1 shows a gen¬ 
eral plan for digging a pond in a swamp 
and using the spoil to build up the unex¬ 
cavated parts. A drainage hole is dug at 
the downstream end, and the water level 
lowered by a ditch drain or by pumping, 
A sill may be placed at the entrance to the 
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l-ig. 6-1, Digging plan for swamp pond 


ditch or the sump hole to hold water back 
a few inches above the floor of the pro¬ 
posed pond. 

If the swamp is fairly dry, and the dig¬ 
ging is fast and continuous, the removal of 
water may be unnecessary as the expanding 
excavation may keep the water at a low 
enough level so that it will not cause 
trouble. Surface water may be diverted 
around the excavation by shallow ditches 
or dikes as shown, or be allowed to flow 
into the hole. 

if no obstructions prevent, the pond is 
dug from the center toward both sides, 
with the dragline walking along the longest 
dimension, which is usually parallel with 
the direction of water flow, as in Figures 
6-1 and 6-2. The machine keeps back far 
enough from the center line so that it 
can reach it with an easy cast. It usually 
works on platforms or other artificial sup¬ 
ports, but if the swamp bis been drained 
enough in advance to be firm, or has 


gravel soil, or a heavy mat of bushes, these 
may not be necessary. 

I he bottom is kept on grade by digging 
just enough to let the water back over it. 
If there is not enough water to cover the 
enlarging bottom, the grade may be checked 
in the same manner as in a cellar exca¬ 
vation. 

The length of a pond of this type can 
be increased indefinitely without change of 
method. The width, however, is limited by 
the reach of the dragline and the depth of 
the hole. The reach determines the width 
of the strip in which it can dig and pile, and 
the height of the piles; the depth governs 
the part of that width which must be re¬ 
served for piling spoil. 

If a wider pond is required than the 
machine can dig in one round trip, as 
illustrated, it must go behind the piles, 
drag or swing them away from the excava¬ 
tion, and then widen the hole. 

Sia? and Depth. Calculation of the size 
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Fig. 6-2 > Making the excavation 

and depth of the pond should involve a 
number of factors. A large shallow pond 
gives the most for the investment, at first 
appearance. A deep pond Is desirable in 
that it can be fed by seepage from tower 
levels, loses a smaller percentage of its wa¬ 
ter by evaporation, does not lose area by 
silting as readily, discourages growth of 
bottom weeds, and is more suitable for 
fishing and swimming. Against these ad¬ 
vantages are increased cost and a possible 
drowming hazard. 

Deep ponds may often bo obtained from 
shallow excavations, or without excavation, 
by building of dams and dikes; but for 
the present we will consider results ob¬ 
tained by excavation only. 

The pond should be dug to a clean bot¬ 
tom, if possible* and should yield enough 
spoil to build banks a foot or more above 


the water at the edge, and sloping up away 
from the pond for drainage. In a limited 
area that is to be reclaimed, an increase 
in water surface reduces the area of the 
banks and die amount of fill needed for 
them. Fewer yards need be moved for a 
large shallow pond than a small deep one 
of the same capacity; although a larger 
proportion of the yardage may have to be 
moved more than once. 

Cul and Pile Relnlionships. Figures 6-3 
and 64 show some of the relationships 
between the cut and the spoil piles. The 
diagrams show a machine with a 40 H boom, 
digging beside and behind itself, and have 
been simplified by assuming a constant 
dumping height of twelve feet; an increase 
in volume of the spoil of 20 percent, nearly 
vertical slopes in the cuts, a one on onc-and- 
a-half slope on the piles, and soft soil 
permitting deep digging. Figures on the 
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Fig, 6-4. More dragline cuts 


piles show cross section areas. Muddy con¬ 
ditions cause piles to be lower and wider, 
reducing the width of cuts. 

The dumping height increases with 
higher boom angles, an advantage partly 
offset by a shorter dumping reach. A low 
boom is preferable for deep digging and 
to obtain a good digging reach without 
casting the bucket. Extra pile height may 
be obtained by raising the boom to put a 
top on it, but keeping it low for the bulk 
of the digging. A dragline with a live boom 
can lower it for digging, and raise it for 
dumping during the swing; but the extra 
power needed limits this to occasional use. 
If the shovel is tipped by having the 
track toward the digging lower than the 
other, the boom will be low for digging 
and high for dumping. This is a dangerous 
practice on any but the firmest soils, and 
as it shifts the center of gravity downhill 
so that lifting capacity is reduced, and the 


low track will tend to sink more than the 
other. The combined effects might cause the 
machine to overturn. 

The swell and the slope of the soil piles 
indicated in the diagrams might or might 
not be applicable to a particular job. The 
regular cross section shown will be found 
only in sand or other free flowing, nan- 
saturated material. 

I he volume of the piles may be increased 
by moving the dragline behind them, and 
pulling them or swinging them back peri¬ 
odically. This extends the pile toward the 
rear and leaves room for more on top. This 
is practical if ground conditions permit 
work without platforms* but otherwise takes 
too much walking time. A second dragline 
working behind the windrow and swinging 
it back makes a very effective combina¬ 
tion. 

If the excavation is narrow and shallow, 
and the banks narrow, a long boom drag¬ 
line may excavate without building a pile 
by placing each bucket load in its final 
position. 

Dimble Cuts. If the width of the pond 
is to be greater than can be dug in the 
two cuts described, the dragline may make 
addition a I cuts, first removing the spoil 
windrow* then the ground under it. 
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The windrow is usually moved by stand¬ 
ing behind it and digging with a short 
dump cable, so that the loaded backet can 
be picked up without pulling in. It is 
swung to dump as far back as possible, 
and a level runway made to permit the 
dragline to work along the rim of the 
original cut, as in Figure 6-5. 

If the pile is too large to allow the 
bucket to reach across it, part of it may 
be dug away, as in Figure 6-6, and the 
balance removed at the same time that 
fresh ground is dug. 

The runway is normally made at the 
original grade, as vegetation or drying 
makes it more firm than the soil under¬ 
neath. However, if the soil is hard to cut, 
the runway may be lowered to improve 
digging efficiency. If digging is easy, and 
the dug soil dry and firm enough to sup¬ 
port the shovel, the ramp may be made 
higher, as in Figure 6-7, to increase the 
dumping height. The cross section of a pile 
increases about in proportion to the square 



Fig. 6-6. Working back a heavy pile 





Fig. 6-7. Working from lop of pile 

of the height, so the advantage gained is 
important. The freshly moved dirt is left 
higher than the undisturbed part of the 
pile, as it may settle seriously under the 
dragline. If possible, the machine should 
be kept on the consolidated part. 

If the pile has a wide top, it may simply 
be leveled by a bulldozer, or by the drag¬ 
line raking and palling it as it travels along 
it. However, it should be remembered that 
the tops of piles arc treacherous at best, 
the machine should be kept back from the 
cdses. and the pile watched carefully for 
evidences of caving, particularly toward the 
digging, 

As shown in the illustration, a dragline 
working on top of a pile is able to not 
only move the whole pile back but to dig 
the*ground under it in one operation. 

For even wider ponds, additional cuts 
may be made. Hach additional slice in¬ 
volves moving all the material which has 
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been dug, with increasingly complicated 
patterns, and expense mounts rapidly. Usu¬ 
ally more than two cuts are made in one 
direction only when the operation involves 
cleaning off vegetation and shallow dig¬ 
ging. In deep work, trucking the spoil or 
removing it with slack line excavators or 
conveyors, is more economical when sev¬ 
eral rehandling* with a dragline are neces¬ 
sary. 

Trucking. A Rattened windrow, such as 
is shown In Figure 6-7, may be used as a 
truck road if it is dry and substantial 
enough, and is connected with dry land 
at one end. The dragline, or a hoc, may be 
started at ihc far end and worked toward 
the exit. It may dig to final grade, leave 
a shelf for further dragline work, or it may 
load the dry material in the trucks and east 
the wet stuff from the bottom to build up 
a new windrow. 

Abnormal delays may be experienced 
in the trucking. It is usually not practical 
to build turnarounds or two-lane roads, 
so the trucks must back in the full dis¬ 
tance from shore, and no other track can 
enter until the previous one has left, thus 
leaving the shovel idle each time. There 
h also danger of trucks going too close to 
the edge, or encountering soft spots, so 
that they get stuck or overturn. 

If the windrow can be connected with 
dry land at both ends, scrapers may be 
used to remove the dry upper part. 

Material may be trucked away eco¬ 
nomically if the pond is to be large in pro¬ 
portion to the size of the shovel, so that 
several shovel handlings would be required; 
if there is insufficient space in the digging 
area to pile the spoil; if fill is needed "else¬ 
where on the project, or if the spoil can 
be sold. Under some circumstances, the 
entire cost of making the pond may be 
repaid by the sale of the spoil, 

Selling Spoil. Materials that might be 
sold out of a swamp include the organic 
earths, such as topsoil, muck, and peat 


(humus); and inorganic subsoils such as 
sand, gravel, clay, and loam. Frequently, 
the values of these materials are destroyed 
if they are mixed together, as the presence 
of organic matter makes subsoil undesir¬ 
able or useless as a structural fill; topsoil 
or other organic earths are not salable if 
coarsely mixed with subsoil, 

Swamp topsoil and mucks are general I v 
too heavy in texture for use in lawns or 
gardens, but may improve greatly if left 
in piles for a year or two, or if mixed with 
sand or light loam. Nearly pure peats, 
however, are widely used to enrich soil, 
and command a fairly good market. These 
have a very high water content, and may 
shrink 50 percent or more in the pile. 

Jf the spoil is to be used for the pond 
banks, or similar unloaded fills, organic 
and inorganic dirt is generally dug and 
handled together. If they arc to be" sold, 
the topsoil should be stripped and piled 
to the side, and the subsoil duu afterward 
in a separate series of operations. As die 
surface of the subsoil is often below water 
level, adequate drainage or a dependable 
pumping system should be provided be¬ 
fore putting the shovel on it. The diagrams 
in Figure 6-S show a succession of opera¬ 
tions in selective digging, 

Separation of materials in several layers 
may be very complex. Examples are dig- 
ging gravel interrupted by seams of un¬ 
wanted clay, digging clay seams lying be¬ 
tween sandy layers, the decision as to what 
is desirable being a matter of local demand, 
if the dragline is large, or has a long 
boom in proportion to the area to be dug" 
these layers may be removed and piled 
separately, or they may be stripped back 
separately in the same manner as topsoil. 
Often, however, a better solution is to 
truck away the least bulky or sometimes 
the most valuable of the materials during 
the digging, Trucking may be possible only 
during a short period late in the dry season, 
after a protracted period of artificial dry- 


DRYING OUT 






Fig. 6-K, Selective digging 


ing by drainage or pumping, or only after 
construction of fills or timber roadways, 

Selective digging should be done in the 
dry, so that the operator can see what he 
is dome. It will be discussed further in con- 
nee [ion with borrow pits in Chapter IQ. 

P red raining. Whenever the soil is to be 
trucked out, or when very sloppy condi¬ 
tions are found in a swamp, it is advisable 
to investigate the possibility of drying up 
the area before work starts. 

Almost any spot can be dewatered, at a 
price, by diversion of any streams or other 
surface inflow, and well point pumping. 

Sump pumping may be more economical 
when surface water can be diverted, and 
when underground reservoirs are small, or 
when relatively impervious soils cause 
ground water movement to be slow. The 
soil must be fairly stable. 

The sump is a deep hole with a bottom 
below t!te proposed digging. One side should 
be sloped gradually or terraced so that a 


pump can be set up wherever desired. 
Outlet hose, or a flume or ditch, must be 
provided to lead the water out of the 
area being dried. 

For best results, pumping should be 
started around the beginning of the dry 
season, If the swamp is underlain by po¬ 
rous cravel or sand, most of the water can 
be removed from small basins in a few 
days, and additional pumping will be re¬ 
quired only occasionally. In large basins, 
continuous pumping might be needed dur¬ 
ing the job. If the soil is tight, less water 
will be removed at first, and seepage into 
the hole will be reduced very gradually. 

This operation should cause the swamp 
to dry up, so that difficulties with mud will 
be reduced or eliminated. However, the 
effect may be largely lost if heavy rains 
saturate it again before work is started. 

Both the speed and effectiveness of sump 
pumping can be greatly increased by drain- 
are ditches leading imo the sump, A 
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horseshoe-shaped trench enclosing the 
working area, but leaving an undisturbed 
space for entrance of machinery, is a 
convenient layout. Such a trench may in¬ 
volve piling hundreds or thousands of 
yards of spoil, but should be a good invest¬ 
ment if it allows dry digging for the bulk 
of the project. 

Peat will bum except when saturated 
with water, and a peat deposit drained as 
suggested might be entirely lost by fire. If 
this material had no value, this might be 
the quickest way of removing it. The fire 
would also loosen any stumps, and if deep T 
might consume them. 

A peal fire might produce tremendous 
quantities of black or bad smelling smoke, 
bum for a long time, and be difficult to 
prevent from spreading. Such a fire should 
be started only after consultation with 
local fire and police officials. 

DRAGLINE SIZE 

Choosing the right size dragline for 
pond dredging in swamps involves con¬ 
sideration of a number of factors. Small 
machines are more easily supported on soft 
ground, are easier to salvage if they get 
in trouble, can work in restricted quarters, 
and usually have a faster digging cycle. 
However, they must handle material more 
often to move it the same distance; can¬ 
not dig as deep or pile as high or penetrate 
hard material or take out stumps as effec¬ 
tively a 5 larger machines, and cost more 
for each yard of digging. 

Small draglines may be equipped with 
long booms to match the reach of large 
machines, but this reduces their speed and 
may interfere with stability. Additional 
counterweight is advisable, and the inertia 
o! this and the reduced leverage on the 
bucket load causes it to take more time 
to start and slop each swing, increasing 
the cycle time by one to five percent for 
each foot of boom added. If the swung 
clutches or engine power are barely ade¬ 


quate to manage a standard boom, loss of 
time through excessive slipping or lugging 
down will be much greater than with a 
high pow r ercd machine of the same rated 
capacity. 

Undersize buckets are often used with 
extra long booms. These reduce the tend¬ 
ency to tip and speed up the cycle some¬ 
what, but reduce the payload and the abil¬ 
ity to penetrate hard soil. 

Pigging Cycles. A three quarter yard 
shovel with a forty-foot boom digging at 
the end of its reach, and swinging 180° to 
dump, can move the material seventy or 
more feet at each handling and complete 
two to three digging cycles a minute. The 
same machine, in digging up its own track, 
mj*y move the dirt only ten to twenty feet 
at the rate of three to four buckets a 
minute. The average distance the soil is 
moved may be found by measuring from 
the middle of the cut to the middle of the 
pile. 

If the spoil is to be moved back through 
several handlings by the dragline, the long 
move is desirable; but if it is being stock¬ 
piled, the short quick cycle is best. Most 
digging patterns include both long and short 
swings to get maximum work out of mini¬ 
mum walking. 

If the ground is firm enough to allow 
the dragline to work without supports, and 
the spoil must be handled several limes, 
it may be advantageous to make only the 
far part of the first cut, as in the “maxi¬ 
mum distance 1 ' diagram in Figure 6-4, after 
which the dragline moves behind the pile 
and moves it back through another 180° 
swing. It then works from the spot where 
the first windrow had been P widening the 
cut somewhat, and building another pile. 
These piles may be moved back again to 
leave space for further digging. 

This requires much more mo vine; to do 
the same amount of digging than when 
the dragline digs as much as it can. It may 
also be found that even if the ground sup- 
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ports the shovel before work starts, piling 
and removing such amounts of mud may 
soften it so that platforms must be used. 

It is sometimes necessary to make breaks 
in spoil windrows to allow areas behind 
them to drain. These may be left open 
during the piling, but this is difficult when 
the windrow is as large as the shovel can 
build. They may also be made after piling 
by moving the machine behind the wind¬ 
row and cutting a slot. 

Building L> Ends. If fill is needed at the 
upper and lower ends of the pond, the 
dragline may dig and pile in a curve as it 
rounds the ends, as in Figure 6-2, An¬ 
other method is to make straight cuts across 
the ends, as in Figure 6-9, Such work at 
the outlet will block the drainage ditch, or 
interfere w'ith pumping, so that It should be 
the last spot to be dug. 

Drainage may be maintained by Saying 
pipe in the ditch before covering it. If the 
spoil is to be spread after the first cut, such 
pipe may be left permanently, being fitted 
W'ith a cap or valve so that it may be 
blocked to fill the pond, or opened to drain 
it. ff two or more handlings of the spoil 
arc necessary, temporary pipe must be 
placed and then lifted as the digging pro¬ 
gresses, for which purpose corrugated steel 
is most satisfactory because of ease of 


handling and resistance to rough treatment, 

Islands. Both the quantity and difficulty 
of digging can often be greatly reduced by 
building islands, tn cases where a shallow 
cut is made, and the balance of the depth 
obtained by building a dam, most of the 
spoil can be disposed of in islands. If cut¬ 
ting is deep, some spoil may still be piled 
on them and their bases do not have to be 
excavated. 

Islands may be built at spots most con¬ 
venient for disposal of spoil, or according to 
other requirements. A finished height of 
two or three feel above water is desirable. 
In humus, piles six feet or more above wa¬ 
ter level may be needed because of loss 
through shrinkage, smoothing the top, and 
slumping under water. 

Grading should be done by the dragline 
immediately after piling, or at least before 
the pond is tilled. 

It is desirable to have some uninterrupted 
stretches of water in a pond. These may 
sometimes be located at low spots, where 
the digging is not deep enough to make 
rehandling burdensome, and the islands 
are located where disposal of material is 
more of a problem. 

Under some circumstances, however, the 
open water will be located in formerly high 
ground, where the spoil can be trucked 
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Fig, 6-JO. Changes in level of ground water 


away and the islands built in the soft areas. 

Trees* Pond sites are usually not as open 
and regular as the examples discussed 
above. One of the commonest obstacles in 
the way of systematic work is a tree, or a 
group of trees. One tree can cause an in¬ 
crease in dragline lime of three or four 
hundred percent for the digging in its 
immediate neighborhood * and two trees 
may make the digging impossible without 
the use of trucks. 

This is one reason why most pond dig¬ 
gers recommend making a clean sweep of all 
trees within boom reach of the excavation 
area. Another factor is that if the water 
level is raised by construction of a dant T 
or if hit is placed around a tree, even with 
protection for the trunks it is liable to die, 
and large and old trees arc particularly 


sensitive to any such changes around its 
roots. 

Pond construction may cause injury or 
death to trees at some distance from the 
work. If a dam is built, the water level 
may be raised not only at the pond edge 
but to a decreasing amount for hundreds 
of feet back. Water level may be raised 
even when u dam is not built by ground 
water backing up behind impermeable fill 
from the pond, or as a result of raising the 
grade of the banks. In addition, seepage 
may drown out trees below a dam. See 
Figure 6-10. 

Moderate lowering of the water table 
will only occasionally damage trees. Such 
lowering may he caused by digging into 
and draining a water bearing layer for¬ 
merly having an outlet on higher ground. 
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trees and banks 


or, in the case of a pond without a dam, 
by digging back into a bank. 

Methods of protecting trees during con¬ 
struction and from the effects of changes in 
ground and water level will be discussed 
in the chapter on landscaping. 

Removal of small or worthless trees 
near the pond, and of trees which would 
shade a beach or float, is desirable from 
landscaping and recreational standpoints. 

A strip of grass on the pond edge that can 
be trimmed will make it easier to keep the 
shoreline free of bushes and water weeds. 

However* none of these factors justify 
an indiscriminate destruction of trees in 
the pond area. A tree may be a landscape 
feature of as much value as the pond* and 
the cost of digging around rather than 
through it may be only a small fraction of 
the entire cost of the project. Also* the cost 
of cutting and removing a large tree and 
disposing of the slump, may be greater 
than the cost of operating the shovel for 
an extra day. 

It is a good plan to consult a local tree 
expert, informing him of the scope of the 
excavation, the changes in water level* 
and the height of any fill to be placed near 
the tree* to gel his opinion as to its chances 
of survival. This information may be given 
to the owner with an estimate for the job 
both with and without removing the tree 
for his decision. 

Rock, Ledge rock and boulders cause 
less difficulty as they interfere only with the 
digging, not with the swinging. They may 
often be advantageously used for shoreline 
or islands, as a rock slope is usually more 
attractive than a mud or grass bank. 

Rock to be blasted must be cleaned off 
and should be above water during the work 
if possible. Standard blasting techniques arc 
used. 

Bank Preservation, [f the pond site in¬ 
cludes a dry bank of suitable height* it may 
be advisable to leave it as one edge of 
the pond, digging away from it as if it were 
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Fig. 6*11. Digging in stream bed—gravity 
drainage 

the centerline in Figure 6-1 for the first 
cut. and disposing of all spoil on other 
edges. This technique can also he used 
to 'avoid tangling with trees or landscaped 
areas. If the pond is wide and without truck 
access, saving the bank may be too costly. 
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Fig. 6-12, Digging in streambed and pump- 
mg seepage 

STREAM CONTROL 

Digging Pattern, if a pond is to be ex¬ 
cavated in the valley of a (lowing stream, 
special precautions should be taken, 

The diagrams in Figure 6-1L show pro¬ 
cedures in excavating a pond similar to 
that in Figures 6-1 and 6-2* except that a 


brook runs through the center of the 
swamp. 

A diversion ditch deep and wide enough 
to contain the brook is dug, starting down¬ 
stream at a point lower than the proposed 
pond bottom, where it meets a ditch from 
a drainage hole, somewhat deeper than that 
described earlier. The diversion ditch is 
continued back to a meeting with the brook 
on the upstream side of the job. Spoil Ls 
piled on the pond side of the ditch to form 
a dike and to dam the original channel. 

The dragline will have to walk across the 
brook, The banks may be dug aw r ay and 
platforms laid on them or in the water, or 
the stream may be partly filled with sap¬ 
lings or long logs to permit a crossing. 

After diverting the water, one side of 
the pond is dug, A channel is cur below 
grade, midway between the center and side 
lines. At the upper end, the shovel cuts a 
gradual ramp up from the channel bottom, 
usually after crossing the dry stream bed. 
This ramp should be covered with a brush 
mat weighted with rocks* or logs or planks 
should be placed crosswise in the bottom 
to avoid excessive erosion when the dike 
is cut and water permitted to flow down il- 
Sometimes a hole is dug below grade at 
the foot of the incline to trap most of the 
dirt washed down* and the protections are 
omitted. The water should now follow the 
channel in the pond bottom, and flow over 
the sill into the drainage ditch, keeping 
away from the centerline where further dig¬ 
ging is to be done. 

If it is not practical to carry the diver¬ 
sion ditch to a point below the pond floor 
level, the pattern in Figure 6-12 may be 
followed. The diversion ditch is dug far 
enough back as to be behind the spoil pile. 
After the stream has been turned into it, 
the lower end of the stream channel is 
blocked of! to prevent water from following 
it back into the excavation. A drainage 
hole and sump is dug, and excess water 
pumped into the stream below the block. 
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diversion 


When the digging is finished, this block 
is removed and the dikes cut. The stream 
will now flow into the pond, fill it, and 
overflow into its old channel. Streambcd 
erosion can be reduced by allowing the 
pond to fill by seepage or by controlled 
How through a pipe or siphon before cut¬ 
ting through. 

Still another method is to straighten out 
the stream channel so that it lies on one 
side of the centerline. The other side is 
dug and the pile extended well across the 
stream at the upper end, forcing it to find 
its way behind the pile and back to the 
stream below the pond. 

Temporary Slrcam Diversion* It is 
sometimes possible to put a temporary dam 
across the stream well above the work 
area, and to divert it across u low ridge 
into another valley, or into a trench, flume, 
or pipe running along a hill slope in the 
same valley, A large pump may be used 
to raise the water into such diversions. 

Before arranging to pump out a stream, 
or building a flume or pipe line to carry it* 
its volume of flow should be measured, 

This may be roughly done by placing a 
rectangular wood trough or flume 1? 10 - 11 
feet long in the stream bed, and packing 
around the upper end with mud so that 
all the water will enter it. Chips of wood 
may be dropped at the upper end, and 
the time they take to drift through checked 
with a stopwatch. Mud can be dropped in 
the water to find if the bottom or sides have 
a perceptibly slower current than the top. 

The flow in cubic feet per second may be 
found by multiplying the depth of the water 
in feet or fractions of feet, by the inside 
width of the flume, and multiplying the 
product by the distance the wood chip 
traveled in one second. 

If the stream has a fairly regular clianne r 
the cross section urea of ihe water in it may 
he calculated, and the speed of flow meas¬ 
ured in the same manner- 

Most streams are subject to considerable 
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and sudden changes in volume, and pumps 
used should have extra capacity, unless it 
is possible to abandon the job during high 
water and return to it when the flow is 
reduced to a volume that the pumps can 
handle. Diversion channels, pipes, dikes, 
and dams should also be built to withstand 
high water. 

Digging in Streams- If the stream cannot 
be diverted, the digging of cadi strip should 
start at the upstream end and move down¬ 
stream. The din loosened but not picked 
up by the bucket will be washed down- 
si ream in considerable quantities which 
might entirely silt up any downstream ex¬ 
cavation. 

Riparian Right*. Laws relative to stream 
use and pond construction vary in different 
states and localities. Generally, owners of 
land on a stream below the job must give 
their permission before the stream can be 
diverted, even temporarily. They also can 
collect damages if mud from the excava¬ 
tion work chokes the stream, or is washed 
onto their property. Excavation permits are 
often required. It is well to have the law 
and the neighbors consulted before starting 
any important pond project. 

E'muaiu'nt Stream Diversion, A pond 
usually is kept in the best condition and 
appearance if a strong flow of water goes 
through it However, if the pond is to be 
managed for the production of fish; or if 
lhe stream is likely to fill the pond with 
silt, it may be advisable to make a channel 
for the stream around the pond, keeping 
only a controlled flow from it into the pond 
through a pipe or ditch. 

It is difficult to overestimate the power 
and destructiveness of even a small stream 
in flood, and it is at (loodtime that the 
greatest damage can be done to a pond- It 
is therefore important to lake every precau¬ 
tion to prevent the stream from breaking 
out of its prepared channel. 

The diversion should start, if possible, in 
a stream section headed in the right direc- 
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Fig, 6'13. Controlled inflow 


lion; and often should be reinforced with 
heavy rocks or posts driven into the base 
of the bank on the outside of the curve. If 
the Turn must be in the artificial channel it 
should be a gradual one, protected with 
rocks, posts, or a well anchored timber 
bulkhead. A high earth dike should be 
built between the stream and the pond, 
planted with sod, bushes, or trees. 

Figure 6-13 shows a safe arrangement. 
A (ow dam of concrete, masonry, or fitted 
rocks is placed across the stream to raise 
its level a foot or so. A pipe leading to the 
pond is placed below this water level, and 
a dike of earth or concrete placed over the 
pipe. 

Water in excess of that which will pass 
through the pipe will flow over the dam into 
the channel. The pipe may open into a 
ditch, or continue into the pond. Flow' may 
be reduced by means of a gate valve, or 
by partially obstructing it with a board, or 
by placing stones at its mouth. 

SHORES 

Spreading Piles. After a pond is dug* it 
is usually surrounded by spoil piles whose 
size and arrangement depend on the reach 


of the machine, the digging plan, the shape 
of the pond, and obstacles to digging or 
walking. These piles may be left to dry for 
ultimate sale or removal, but more often 
are knocked down and graded into banks 
and slopes. This can be done immediately, 
but if time is available and considerable 
yardage is involved, they may be left to 
dry and shrink. Light soils and some heavy 
ones should become firm enough so that 
the shovel can work without platforms, 
saving lime and work. Peats and mucks are 
less likely to become firm, but lose substan¬ 
tially in bulk and weight. 

The dragline is the preferred tool for 
spreading such piles. A bulldozer can be 
used if they are dry, and is frequently used 
for finishing after the dragline has knocked 
them down. 

A dragline spreads piles by a combina¬ 
tion of dragging down with lifting and 
swinging. First the machine approaches the 
pile closely and digs off the top. Each time 
the bucket is filled it is pulled closer to the 
shovel ihan necessary, sliding several times 
its capacity ahead of it, It is then lifted, 
swung, and dumped in a low spot, and the 
process repeated until the dirt piles against 
the tracks. 

The shovel is then hacked a few feet, and 
the digging and dragging continued, cut¬ 
ting to somewhere near final grade. The 
shovel continues to back and dig until 
the pile is exhausted, when it pulls down 
the lip in front of it, and walks up on the 
freshly graded area to work on the portion 
of the pile that was originally beyond its 
reach. 

In Figure 6-14 the pile is shown to be on 
the edge of rhe pond excavation. The drag¬ 
line digs this shore to its final slope, widen¬ 
ing the pond in the process. It is good pro¬ 
cedure to cut banks buck to a slope which 
will be stable under water; as it reduces the 
accumulation of soft mud at the edge of 
the bottom from parts of the bank sliding 
and falling in. 
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ff (he spoil is in windrows, the shovel 
may be walked parallel to the pile, digging 
and pulling it down until it starts to fall 
against the tracks, then moving on to wreck 
another section, continuing until the end 
is reached. It then comes back, parallel 
with the windrow but further back, digging 
and dragging in the same manner. The 
ridge pulled against the tracks can be dug 
and spread behind the shovel. If the wind* 
row is small, one trip may be sufficient. 

t;railing, ft is sometimes possible to do 
the final grading white spreading the piles, 
but more often it is necessary to distribute 
them roughly to get an idea of the amount 
of material available, after which the area, 
or parts of it, are gone over for a light re¬ 
grading. The finishing is done by raking 
and patting with the bucket. 

There Is probably no type of dragline 
work in which a skillful operator is as valu¬ 
able as for spreading piles and grading 
banks. A long boom helps him consider¬ 
ably. 

Unless the operator is an expert, a better 




Fig. 6-14. Leveling piles with dragline 



Fig. 6- IS, Shore profiles 

result will be obtained by finishing with a 
bulldozer or a grader, if the sot) will sup¬ 
port them, Also, it may be economical to 
make a quick rough grade with the drag¬ 
line. and release it for other work while 
another machine Finishes up. 

When grading is complete, the area is 
usually disked and planted. Most peat soils 
need some time to drain, with the addition 
of lime, before they can support ordinary' 
field vegetation. Testing outfits may be pur¬ 
chased at garden supply stores which may 
show the cause of trouble if things do not 
grow well* 

Shore Drainage. The grades of the above 
water parts of pond banks are afiectcd by 
disposal of material, securing proper drain¬ 
age, the nature of the surrounding area, 
and the personal preference of the person 
in charge. Three main types may be distin¬ 
guished and are shown in Figure 6-15. The 
shore may be low and an even slope carried 
up higher ground, as in (A), or the banks 
niay be high and topped by an almost flat 
terrace, as'in <B). A low shore and a con¬ 
cave slope, as in (C), is attractive and re¬ 
duces the danger of water pockets at the 
junction of the fill and the original grade, 
but may stay too wet near the pond. 

A difficult drainage and landscaping 
problem is presented by a swamp sloping 
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gently up away from the center, changing 
gradually from wet swamp to dry meadow. 
Even when tapered to a thin edge, the 
fill is liable to create a wet spot vvhere it 
meets the meadow, either because a dike is 
formed holding surface water on the low¬ 
est part of the meadow, or because the 
whole fill is relatively impervious to water, 
slopping underground seepage and causing 
it to overflow at the top edge of the fill. 

If possible, the excavation should yield 
a sufficient volume of spoil to carry it far 
enough into the meadow to be well above 
pond level. When sufficiently dried, the 
lower part of the meadow and the upper 
part of the fill should be deeply plowed and 
disked, then blended together with a bull¬ 
dozer or grader. 

If wet spots still appear, they can usu¬ 
ally be relieved by moie drainage starting at 
the pond shore, If this is ineffective, tile 
or rubble drains may be required. 

Shore Erosion. Freshly built banks will 
wash and gully badly in heavy rains unless 
prolccicd. Drainage coming from undis¬ 
turbed slopes across the fill is particularly 
destructive. This can often be diverted by 
shallow ditches made with a plow or by 
hand. These may be leveled after the banks 
are anchored by a firm sod. 

Disking hay or straw into the surface of 
the ground increases its resistance to ero¬ 
sion and may supply ample grass and weed 
seeds, Unless applied with a nitrogen ferti¬ 
lizer, it may delay the growth of vegetation 
by temporarily absorbing this element from 
the soil. Such mixing in or scattering hay 
on the surface is helpful in holding soil 
that has been graded too late in the year 
for planting. 

Beaches. If a pond is to bo used for 
swimming, a beach is very desirable. It 
may also be of use for wading, picnicking, 
and getting small boats in and out of the 
water, 

A maximum exposure to sunlight is de¬ 
sirable for at least part of a beach. This is 


best obtained by locating it on the north or 
east bank, so that midday or afternoon sun, 
or both, comes over the water. Reflection 
intensifies its heat and the slope of the 
bench is favorable to its reception. In most 
localities, more swimming is done in the 
afternoon than in the morning. 

If the beach must be located so that its 
sunlight comes over the land, it may bo 
necessary to cut a number of trees to obtain 
exposure. If the heach is large, enough trees 
should be spared to give shade over some 
part of it, or over a lawn area adjoining it. 
Sometimes a tail tree that is removed may 
be profitably replaced with one or more 
smaller ones to shade a smaller area. 

If the pond is being dug, or can be emp¬ 
tied. the beach site can be graded. A grad¬ 
ual underwater slope is desirable for small 
children and non-swimming adults. Vigor¬ 
ous swimmers are likely to prefer a steep 
underwater slope, particularly if the water 
is usually cold. The dry section is usually 
gently sloped or flat. 

A beach must be protected against run¬ 
off of water from surrounding land as this 
w ill wash away the sand, spread dirt on it, or 
do both, A grass-covered ridge immediately 
behind the sanded area will serve to divert 
water, and may also function as a very 
welcome windbreak and heal-conservcr, 

It is desirable to have the beach subgrade 
a cut rather than a fill, and of firm material. 
If this is the case, three inches of sand 
might suffice for a cover for swimming pur¬ 
poses, but not for building of sand castles. 
Six inches to a foot is a safer but more ex¬ 
pensive depth. 

If part of the pond bottom is sand or fine 
gravel, some of it may be pushed or carried 
to the proper location during the excavation 
work. 

If the subgrade is soft mud, an attempt 
may be made to stabilize it with dean bank 
gravel, pea gravel, or fine crushed rock. 
A layer of lawn clippings or hay placed 
immediately before the sand may prevent 
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mixing with the mud. This, of course, is 
not practical underwater. 

An attempt should be made to extend 
the sand blanket to a depth of four or more 
feet below pond level, so that swimmers 
who are sensitive about walking on mud 
will be able to take off before they reach 
it. 

Any clean sand that is suitable for con¬ 
crete or plaster can be used for beach sand. 
Coarse grades are more attracti ve than fine, 
and light colors are better than dark. 
Where obtainable, white sand from ocean 
beaches or bars is most satisfactory, but it 
is apt to be much more expensive than pit 
or mason's grades. Sometimes the bulk of 
the beach is made with a cheap quality, and 
the surface dressed up periodically with a 
better grade. 

A beach will usually require an addi¬ 
tional two or three inches of sand after the 
first year or two, and occasional freshening 
up with smaller quantities afterward. 

Fire Control, A pond is a valuable asset 
for fire fighting. Country lire apparatus and 
many city units have suction pumps so 
(hat they can get their water supply from 
ponds as easily as from hydrants. Even a 
small pond provides enough water to sup¬ 
ply hoses for a considerable time. Many 
lire crews carry enough hose to utilize 
water a half mile or more from the blaze. 
An accessible pond may reduce fire insur¬ 
ance rates substantially. 

Suction lines are short, so a rock fill or 
other firm surface should be provided to 
allow equipment to get close to the water 
in any weather. A deep hole should be dug 
near the shore. A wood or masonry wall 
to allow the suction hose to enter the water 
vertically instead of sloping down a bank 
adds to pumping efficiency. Any shallow 
bars separating the pumping hole from the 
bulk of the pond should be ditched. 

Such a deep spot also serves well as a 
location for a diving board and an entrance 
ladder. 


SPECIAL PROBLEMS 

Cleuring. Land clearing adds materially 
to the cost of reclaiming swamps, sometimes 
being more expensive than the earth mov¬ 
ing. Trees, and usually brush, should be 
removed or burned in advance of di gg ing. 
Because of soft footing the cutting is usu¬ 
ally done by hand, but tree trunks may be 
dragged out by tractor* or winches. 

Stumps. The stumps should be cut high 
in the area to be excavated, and very low 
where the spoil is to be piled. Height gives 
leverage which helps in digging them out, 
and affords a grip for chains for handling 
them, hut makes disposal more difficult. 

Hinh stumps in the area to be filled will 
cause" major difficulties during grading by 
hanging up machines, or tipping or break¬ 
ing "platforms, and b >’ requiring excessive 

depth of fill. 

When a large stump is dug, a slow proc¬ 
ess of culling roots, overturning, and drag¬ 
line out may be required. They are some¬ 
times too heavy to pick up, and must be 
dragged out of the way, or cleaned and 
reduced by hand, or split with blasting 
wedges. Lighter slumps, which can be lifted, 
cannot ordinarily be held in a bucket and 
must be gripped with tongs, or chained. 
Stumps should not be allowed to rest par¬ 
tially on the ground white being swung as 
they will put a serious twisting strain on 
the boom. 

Swamp stumps seldom have tap roots, 
and the lateral roots are very close to the 
surface, so that they tend to come out as 
rather thin sheets. These can be most con¬ 
veniently picked up by a pair of tongs in¬ 
serted somewhere in the root mat, and 
chained to the bucket. If the ground is soft, 
the butt of the stump may be turned down, 
and driven into the mud in the fill area by 
patting the roots with the bucket. It is 
sometimes possible to entirely dispose of 
large numbers of stumps in this manner. 

If this cannot be done, and the dragline 
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h working alone, it may be necessary to 
put the stumps in the spoil pile where they 
cause trouble in re-handling. When the 
spoil is being spread, an effort should be 
made to rake out the stumps first and put 
them in the lowest spots, driving them in if 
possible in order to bury them. If they are 
too big to bury, they must be piled up to 
dry for eventual burning, or, more rarely, 
loaded in trucks and removed. 

Digging in stumpy swamps is greatly 
simplified by the help of a crawler tractor, 
preferably equipped with a winch, which 
can stay on firm ground and pull the 
stumps away as the dragline digs them out. 
These stumps may be winched or bulldozed 
into low spots for burial under the spoil; 
scattered around to dry before piling for 
burning, or piled immediately by passing 
the winch line through a pulley held high 
by a tripod, or a stout tree. 

The high pulley arrangement decreases 
the power needed to drag the stumps, but 
unchaining them on the pile is a messy and 
somewhat dangerous job. The tripod or 
tree is usually destroyed when the stumps 
arc burnt. 

Logging tongs are the preferred tool 
for gripping muddy stumps for winching. 
When a chain is used, notching the butt 
reduces the inclination to slide off. 

Boulders. Large boulders also interfere 
with digging and are very likely to cut the 
drag cable if lodged in front of the traeks. 
[t is sometimes possible to dig deep holes 
in which they can be buried, or to line them 
up along the edge of the pond where they 
should improve the appearance of the 
bank. However, they are more difficult to 
winch out than stumps, because of difficulty 
in getting a grip on them, and are an even 
greater nuisance in rehandling spoil. Often 
it is best to break them with dynamite, or 
air or hand tools, into pieces small enough 
to bury or mix with the spoil. 

Hard Digging* A small dragline has 
great difficulty digging hard or rocky soil. 


ft will do its best if the soil is not covered 
by water; if the bucket teeth arc sharp; the 
boom held at a low angle, and the shovel 
footing kept as low as possible. 

Occasionally a swamp floor may be of 
cemented gravel or decomposed rock 
which can be broken up with a tractor 
drawn ripper. Such floors, and most hard- 
pans, can be effectively dynamited if 
charges can be sunk deep enough in drilled 
or hand dug holes. It is sometimes sufficient 
to blast a small area in which the dragline 
will be able to cut to depth, as it may be 
able to maintain this depth through the un¬ 
disturbed material around it. If the whole 
bottom needs to be blasted, it will probably 
be cheaper to use other machines. Some¬ 
times a single heavy blast will soften day 
throughout the whole area. 

Back hoe, A hoe shovel has quite effec¬ 
tive penetration, but is hampered in pond 
digging by the inability to pile spoil at a 
distance. This limits the amount it can dig 
and exposes it to the danger of getting 
caught in slumping piles. A very good 
working team is a pull shovel digging the 
hard soil and a dragline taking it away as 
fast as it is dumped. Best results are ob¬ 
tained if they work together, but because 
of the exact timing required to avoid acci¬ 
dent, it is safer for the hoe to cut as much 
as it can pile and move on, with the drag¬ 
line following at a discreet distance behind. 
At the end of the strip the hoe may turn 
and work back, building a new pile to be 
removed by the dragline. 

Clamshell. A clams hell with a heavy 
bucket has good penetration, but works 
quite slowly, and is at a disadvantage in 
sticky soils because of suction holding the 
bucket down. If used, it may do the digging 
and the casiing back end spreading; or the 
rehandling of loosened material may be left 
to a dragline. 

Dipper Slick, A dipper stick can break 
up the bottom providing drainage is ade¬ 
quate and dependable. The machine can 
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Fig. 6-16, Loosening hard bottom with adip- 
per shovel 


operate on pontoons and ramp itself down 
to the required depth, and dig as wide a 
cut as it can reach, or is required, dumping 
the spoil in a ridge behind it. It may come 
out of the pond site elsewhere, or turn and 
emerge near the entrance point, as m Fig¬ 
ure 6-16. Material broken up In this way 
can be easily dug by a dragline, but may 
be so soft as to be unsafe even on plat¬ 
forms, until it is well drained. 

It rarely happens that a layer under a 
swamp is sufficiently firm to carry 1 trucks, 
but in this ease regular cellar digging tech¬ 
niques can be used. 

Bulldozer digging in softer mud is done 
by methods described below for pond 
cleaning. 

Water l.cvel Determination, Pond water 
level depends on the height of the overflow 
point, whether it is a stream bed, or an 
artificial spillway. 

The best way to decide the new water 
level is to lay out a grid and take elevations 
throughout the area. The boundaries of a 
pond at any level can readily be sketched 
in, and the amount of cut required for de¬ 
sired depth, and the spoil to be disposed 
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of in the dam and the banks can be roughly 
calculated. 

A less laborious method which is usually 
satisfactory is to select some spot that 
would make a good shore and use n transit 
or hand level to find the corresponding 
shoreline at other points. This is done by 
reading a rod set on the selected point; and 
moving the rod up and down any slope in 
question until the reading is the same, at 
which place it will be on the same level as 
the original point. 

Readings can be taken on the dam site 
and on high, low, and normal points in the 
pond basis, and distances measured with 
n tape or by stadia. 

DAMS 

Digging may be done according to pat¬ 
terns'outlined previously, with one or more 
cuts made across the bottom of the pond 
and piled for the dam. Or the digging may 
he done parallel with the dam and all the 
spoil used in its construction, 

A dam should fulfill three requirements. 
It must be high enough in relation to the 
spillway so that water will never flow over 
unprotected parts; it should be stable 
cnoueh not to break, slump, or move under 
any conditions, and it should rot leak. 

Usually earth dams for small ponds arc 
given a freeboard, or height above water, 
of two feet. If the spillway is wide, wave 
action very weak, and the material thor¬ 
oughly consolidated one foot may be 
enough, but under reverse conditions, three 
or more feet may be required. For further 
protection, an earth dam should be covered 
with a strong sod, or bushes and trees. 

Small masonry dams arc usually built 
so that part of the dam is overtopped by the 
water and serves as a spillway. As long as 
the masonry is strong, no harm should re¬ 
sult, and the expense of an extra structure 
is saved. 

No dam should be built to hold a depth 
of over six feet of water, or any consider- 
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Fig. 6-17, Hydraulic fill dam 


able volume of water which would flood an 
inhabited area if released, without compe¬ 
tent engineering advice. In many localities, 
plans must be filed and permits obtained 
before building any dam. 

Earth Dams. For stability, im earth dam 
should rest on a base of firm soil or rock 
without stratification dipping away from 
the pond. It should be welt bonded to its 
base by removing vegetation (this is very 
important), and plowing or ditching paral¬ 
lel to the axis of the dam. 

The dam should be at least six feet thick 
a; water level, and slopes should not exceed 
one on two on the downstream face, nor 
one on ihree upstream. If the top is to be 
used as a roadway, it should be at least ten 
feet wide. 

The soil used should be stable enough to 
hold itself up, to resisi both the push and 
the softening effect of the water h and to 
carry any traffic or other loads on the top 
of the dam. It should also be line grained 
and compact enough to give maximum re¬ 
sistance to movement of water through it. 

Stability in the presence of water is best 
obtained by the use of broken rock or clean 
gravel, but these materials allow easy pass¬ 
age of water. Clay, and soils rich in day, 
are best for sealing off water, but may be 
inclined to slump and (low when saturated. 

Large Larlh Dams. In large dams, a day 
core may be used to stop the water, with 
loam or gravel faces to support the clay, 
as in Figure 6-17, In such dams, the type 


and amount of each material must be cal¬ 
culated. The dam may be built up in care¬ 
fully compacted layers from material car¬ 
ried from pits in trucks or pans; or the fill 
may be mixed with water and carried to 
the dam in pipes laid along its sides. When 
carried mechanically, the clay core is usu¬ 
ally built up a step or two ahead of the 
faces. The hydraulic method mixes all the 
soil types together, but as they come out of 
the pipe, the coarse material is dropped 
first, at ihe edge, and successively finer 
particles as the water Rows inward. At the 
center a pond forms and fine clay and silt 
particles are deposited to build the core. 

Small Dams, These methods are not well 
adapted to small dams. The expense of set¬ 
ting up hydraulic equipment can be justi¬ 
fied only by large scale operations. Me¬ 
chanical transportation and spreading is 
handicapped by lack of width. Even small 
trucks, pans, and dozers cannot work 
readily in strips less than eight feet wide, 
nor in comfort on less than twelve feet. 
The three sections would accordingly pro¬ 
duce a width greatly in excess of that 
needed. A narrower dam could be built 
by the use of undersize equipment or hand 
labor 

A reasonably satisfactory dam may be 
made of mixed soil dug out of the pond or 
obtained nearby. This may be piled wet 
by a dragline or built up in compacted lay¬ 
ers in the same manner as a road fill Dusty 
soil should be dampened. If much sand or 
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grave] is included, it should be mixed with 
heavier soil, or placed on the downstream 
face as much as possible. 

If the dam is built of dry, uncompacted 
material, it should be allowed several 
months and some soaking rains to settle 
it before using it to impound water. 

if the soil is porous, the dam will leak 
unless sealed on the upstream side. It is not 
safe to wait for sediment in the pond to 
accomplish this as leakage may liquefy the 
soil and cause the dam to fail. 

The upstream face may be covered with 
a blanket of clay, heavy soil, or a bentonite 
mixture. 

Kenhmite, Bentonite is a volcanic clay 
which absorbs large quantities of water, 
changing to a jelly that effectively seals soil 
against water seepage. It is used in many 
industrial processes and is available in most 
cities. The pellet size is more desirable for 
pond work than the powder forms, which 
lend to Boat on the water surface for long 
periods, and may be lost over the spillway, 
A recommended practice is to mix one 
part of bentonite with four parts of sandy 
soil, or six or eight parts of heavy loam, 
and place a four inch layer of the mixture 
over the areas to be waterproofed. When 
more convenient, the pure material is 
spread over the ground and raked in. Satis¬ 
factory results are often obtained from 
more economical amounts, applied either 
in leaner mixtures or thinner layers. 

Either bentonite or the mixture car be 
shoveled into a pond over leaks, and al¬ 
lowed to settle into them. This is best done 
when there is no overflow. 

Usable Materials, Small stumps can be 
used in a dam if the fill is muddy so that 
it will form a close bond and fill cavities, 
It is good practice to cut roots back close 
to the butt. Boulders may be used in either 
wet or dry fills if the soil is carefully pud¬ 
dled or lamped around them, and they are 
not close to each other. 

If the fill is rich in organic matter, con¬ 


siderable shrinkage must bo allowed for 
in both height and thickness. Even after 
years of use, the dam may shrink still 
farther if the pond is dry for an extended 
period. 

Cutoff Trench. If the soil on the dam site 
it porous or unsubstantial, a trench should 
be dug down to better material, approxi¬ 
mately under the center line of the dam. 
This should be filled with day, well tamped 
or puddled. 

If a deep layer of peat is found at the 
dam site, it would be best to find another 
place for the dam. If this is impractical, 
the peat may be dug or blasted out, or 
compacted by sand hole vertical drainage. 
If the budget docs not include funds for 
any of this work, the dam may be built on 
the peat, and access for machinery pro¬ 
vided so that it can be built up later if it 
sinks. If bulges appear in the peat above 
or below the dam, they should be left as 
they serve to partly counterbalance the 
weight of the dam. 

Settling and Cracking. In an all-earth 
dam, troubles to be guarded against are 
settling, cracking, slumping, seepage, ero¬ 
sion, and damage by burrowing animals. 
Settling is prevented by building on a firm 
base, using fill low in organic matter, and 
tamping or rolling it in thin layers if built 
dry Cracking may occur in a dam with 
a high day content when the pond level 
is low, and may be avoided by mixing in 
lighter soils. Such cracking rarely causes 
dam failure. 

Slumping. Slumping may occur while 
building a dam with wet fill, and usually 
necessitates stopping work on the affected 
section until it has partially dried. Much 
more serious slumping may occur when 
water is impounded behind the dam before 
it is thoroughly consolidated. W'et fills that 
have not dried, or uncompactcd dry fills 
which have not stood long enough to settle 
together, are apt to have this trouble. Seep¬ 
age of pond water into the dam, softening 
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it, and water pressure giving it a push, act 
together. 

Water in a pond exerts pressure against 
its shores, that tends to balance inward 
pressure from the water they contain. If the 
pond is drained, removal of the water sup¬ 
port may cause extensive slumping, which 
may be disastrous if it occurs in a dam. 

A dam or causeway separating two 
ponds is particularly vulnerable if the lower 
pond is drained. 

For this reason, it is important to face 
dams with coarse, self-sustaining material 
that will resist slumping. 

Seepage. No earth dam is watertight as 
there is a slow movement of water even 
through clay. Water working its way from 
the pond through the dam is usually called 
seepage only when it is su flic Sent in quantity 
to show on the downstream side, where it 
may make wet spts on the dam face or 
marshy patches below it. Aside from the 
loss of water, such seepage may damage 
the dam by liquefying it until it slumps; or 
by making channels of increasing size by 
washing out particles of earth. Once defi¬ 
nite channels are established the volume 
of flow may enable it to tunnel and destroy 
the dam* 

The seepage appearing below the dam 
may damage it by undermining, but more 
often merely produces soft wet areas that 
may detract seriously from the value of the 
pond area. 

Seepage may be largely prevented by 
cleaning and scarifying the subgrade, care¬ 
ful construction of the dam, using sufficient 
impervious material, compacting it well, 
and allowing it to set before raising the 
water level. 

The surest and most expensive cure for 
seepage in an existing dam is trenching 
along it, with a hoe shovel or clamshell, 
to solid foundation, and building or pour¬ 
ing a masonry core. This may be quite thin 
if of dense masonry treated with water¬ 
proofing on the pond side. Since a leaking 


dam is liable to have extensive soft spots 
in its interior, such a ditch may be dug 
safely only if the pond has been drained 
for several months, or very heavy bracing 
is used. 

Driving a single line of sheet piling, or 
tongue and groove sheeting dow n the center 
line of the dam, with grouting on the up¬ 
stream side, is often effective. 

The leaks may be stopped by laying a 
clay blanket on the pond side. The pond 
should be drained, if possible, to allow in¬ 
spection r The leakage may be through the 
upstream side of the dam or in the pond 
bottom nearby. If the spots cannot be 
found, clay or heavy soil should be laid 
six inches to two feet thick on the whole 
face of the dam, and on the bottom, back 
about twice the height of the dam, and 
should be thoroughly tamped. The slope 
should be gentle, one on four to one on 
six, and the clay should be covered with 
gravel or cobbles where subjected to action 
of the waves. If the leaks are found, dig¬ 
ging them out to the depth of about two 
feet, and tamping in heavy earth patches, 
may suffice. 

Impervious patches should never be ap¬ 
plied on the downstream side, where the 
water is leaking out, If the leaks are low 
on the face The w r ater will generally work 
into or around the patch, soften it, and 
force it oue. If the patch holds t the water 
held in the dam may liquefy parts of it, 
causing slumping and possibly complete 
failure. 

The best treatment for the downstream 
slope of a leaking dam is to face it with 
gravel, with an underdrain below the bot¬ 
tom of the dam opening into the outlet 
brook, as in Figure 6-18, The first coating 
of gravel should be bank run to allow the 
passage of water, while holding back any 
soil particles carried with it r Over the bank 
gravel should be clean coarse gravel or 
crushed stone to correct any tendency to¬ 
ward sliding when saturated. If the area 
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Fig, 6-18. Seepage apron, small earth tlam 


is to be planted with grass, stone should be 
covered with straw, hay, or cut weeds be¬ 
fore placing topsoil. 

This gravel blanket does not reduce loss 
of water, but it does stop damage to the 
dam and eliminates surface wet spots. 

Seepage at the foot of the dam may be 
kept underground by tile and gravel, or 
stone drains, of the same type used in 
draining farm land. 

If the dam is of pervious material the 
methods suggested later in this chapter for 
stopping seepage into porous soil may be 
of use. 

Overtopping. If the water is allowed to 
flow over the top of an ordinary earth dam, 
it may cut a guliy to the bottom of it, drain¬ 
ing the pond, wrecking the dam, and per¬ 
haps causing flood damage below, Freshly 
built dams arc much more subject to dam¬ 
age from overtopping than old established 
ones that have set and are covered wilh 
vegetation. 

Overtopping is due to the dam settling or 
slumping below a safe height, or an inade¬ 
quate or too high spillway allowing the 
pond level to rise too much. 

If a dam starts to slump, the water 
should be drained if possible, the dam al¬ 
lowed to dry', and then be rebuilt with more 
or better material. If it is not possible to 
drain the pond and pumping or siphoning 
are not practical, the dam should be rein¬ 
forced by putting first gravel, then a heavy 
Bll of coarse rock on the downstream side, 
An attempt should be made to puddle or 
blanket the pond side, and the top should 


be filled to grade. If it settles badly without 
slumping, the top should be built up, pref¬ 
erably with compacted dll. Sandbags, if 
obtainable, make an excellent temporary 
stop. 

Sometimes a dam can be saved by partly 
draining the pond through a trench dug in 
firm Ground nearby. Undisturbed soils can 
often carry a heavy (low of clean water 
without severe gullying, particularly if rein¬ 
forced wilh roots, boulders, or brush mats. 

Repair. When a gullied dam is fixed, the 
sides of the break should be smoothed and 
sloped sufficiently so that the fill can be 
tamped against all parts of them, hut it 
should not be cut into a straight ditch, The 
bottom should be dried up if possible. Fill 
should be dumped on the edge and pushed 
or shoveled down gradually, while men at 
the bottom spread it in thin layers, tamping 
or tramping it thoroughly. If the break is 
tarse enough to allow machinery to work 
in it, it can do most of the spreading and 
compacting, but the bond with the walls 
must be done by hand. Dusting bentonite 
against the sides while filling should pre¬ 
vent seepage along them. 

ff it is not practical to dry up the bottom, 
fill should be dumped and kneaded until 
the water is absorbed into a stiff mud on 
which a layered fill may be built. 

Burrowing Animals. Earth dams may be 
damaged by animals burrowing part or all 
the way through them. Muskrats make 
holes which run under water to well under 
ihc bank, where they rise above the water. 
Such tunnels will cause leaks only when 
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they give water access to some line of 
weakness that did not go through to the 
pond, or which had been silted shut. Musk¬ 
rat damage can be largely avoided by using 
a tow dam not containing enough dry 
ground for home building, or a wide one 
without porous veins. 

Crayfish will at limes dig burrows all the 
way through a dam* creating a water chan¬ 
nel large enough lo enlarge by erosion, un¬ 
less a tort unate cave-in should block it. 
This damage is most apt to occur in soft 
peat soil and it may sometimes be cured 
by injections of cement grout. 

Burrowing animals may be discouraged 
by including quarter inch mesh wire in the 
underwater part of the upstream slope* 
This affords fairly good protection for a 
number of years. It \$ usually laid on 
the dam h and six inches to a foot of fill are 
spread on it. 

Masonry Danis, Masonry dams may be 
used instead of earth fills. They are most 
suited to comparatively narrow sites with 
firm bedrock near the surface of bottom 
and sides. Reinforced concrete Is the 
strongest construction, but field stone ma¬ 
sonry is more attractive and may be less 
expensive in inaccessible spots. 

Earth and decayed rock should be 
cleaned off the dam site, and the bedrock 
shaped or gouged in such a way that the 
dam will not be able to slide on it in any 
direction. Holes two or more feet in depth 
should be drilled in the rock, and reinforc¬ 
ing iron cemented into them so that it 
will project into the eoncrelc or other 
masonry. 

If the dam is to be more than a few feet 
high, it is advisable to have an engineer 
or a geologist check the ground as frac¬ 
tured rock can make a leaky and unstable 
foundation. 

The dam should have a bottom thickness 
of at least two to three feet for every three 
feet of height. 

Masonry Cores* A masonry core dam 


consists of a thinner wall, preferably rein¬ 
forced concrete, with earth piled on both 
sides. The masonry docs not extend much 
above the water line, and is ordinarily 
buried under earth. The core seals off 
seepage, and the sides support and pro¬ 
tect it. It must resist the difference in pres¬ 
sure between the wet and dry earth on its 
two sides. Thickness is about V 4 ih of height. 

The core should be founded on n firm, 
impermeable material, preferably rock. The 
original surface is ditched for footings. The 
sides arc carried into the banks until they 
meet rock, or until they are far enough 
from the water to make seepage unlikely. 
Rock should be roughened to hold the 
masonry against shifting. 

The core is built and allowed to cure be¬ 
fore placing the earth fill. The upstream 
face should be painted with waterproofing. 
If its ends are not keyed into rock, they 
should be fitted with vertical metal baffles 
sealed to the concrete, and the fill near the 
baffles should be mixed with bentonite. 
Failure to take these precautions may lead 
to serious leakage around the core. 

Fill should be placed on both sides of 
the wall at the same time to avoid unbal¬ 
anced pressure. If the dam is high, the fill 
should be carefully compacted. If it is low, 
this is not necessary unless final grading is 
to ho done immediately. 

The masonry core dam is the safest and 
most satisfactory construction for ponds, 
but is too expensive for casual use. 

Removable Wood Dams. If a small pond 
is built on a small but fast flowing stream 
subject to Rood, there is not only the 
danger that earth or weak masonry dams 
will be washed out, but that, if the dam 
holds, the pond may fill completely with 
mud and debris in a single season, because 
the slowing and widening of the stream 
causes it to drop a part of its burden. 

A removable wood dam may be used to 
advantage under such conditions. If the 
stream is narrow, ten feet or less, a heavy. 
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Fig. 6-19. Removable wood dam 


well founded masonry wall is put on each 
bank, having slots to receive two to three 
inch plank, as in Figure 6-19. A masonry 
sill, similarly slotted, connects the piers on 
the stream bottom. Planks cut to the cor¬ 
rect size and length are slid down the 
pier slots, resting on the sill and on each 
other, until the desired height is achieved. 
This structure will leak but will impede 
a brisk stream enough so that part of it 
will flow over the top board, and the de¬ 
sired water height may be maintained. If 
the stream shrinks, the leaks may be re¬ 
duced by jamming a tarpaulin in the sill 
slot, upstream, and pulling it over the dam 
face and lop, and tying weights on the 
downstream side. Or tongue and groove 
planks may be used to cut leakage, with 
the top plank fastened down and all the 
joints packed. 

When a Hood is expected, or pond use 
stopped for the season, the planks may be 
taken out and stored, allowing the stream 
a dear passage. 

DRAINS 

CiUtc Valve, When possible, means 
should be provided to drain a pond for 
repair, cleaning, and other purposes. The 
best, but most expensive, moans is to 
place an iron pipe under the dam, con¬ 
nected with a gate valve, which may be 
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Fig. 6-20, Drain pipe and gate valve 

located in the dam or at either end. Fig¬ 
ure 6-20 shows an installation in which 
the valve is in the downstream face below 
frost line. To prevent burial and dogging, 
a vertical eight inch pipe placed over the 
valve wheel extends to the surface, where 
it is plugged or covered. The vaive is 
opened or closed by removing this cover, 
and turning the valve wheel by means of a 
jaw on the bottom of a rod which can be 
turned from the top. 

[f the cover should be left off, and the 
vertical pipe filled with dirt and trash, it 
may be jetted out by the use of an engine- 
driven water pump, delivering water at 
pressure through a small pipe which is 
pushed down inside the easing, where it 
can break up and wash out the debris. 

lilbtiw Drains. A much less expensive 
installation which can be used in climates 
where freezing is not expected is shown 
in Fiaure 6-21 (A). An iron drain pipe 
under the dam is fitted with an elbow on 
the downstream end into which a vertical 
pipe is threaded. Space is provided so that 
this pipe can be turned into a horizontal 
position. 

If the open end of the pipe is higher 
than the water in the pond no water will 
move through it. If it is lower, the water 
will flow' through it until the pond level is 
lowered to the same elevation. The pond 
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Fig, 6-21. Elbow drain 

level can therefore be adjusted to any 
height desired by turning the pipe up or 
down* 

In cold climates, the exposed pipe would 
he subject to breakage because of water 
freezing in it. This is not likely to occur if 
the movable pipe is placed in the pond 
as in fU) because of less severe freezing 
and inward pressure of pond ice. However, 
the water makes the pipe difficult to get 
at so that it must usually be moved by 
a line stretched to shore, as in (CJ. This 
will not pull it into a horizontal position 
and may have difficulty raising it from 
down position also, 

A more satisfactory arrangement lor un¬ 
derwater use h shown in Figure 6-22, The 
drain pipe is extended by means of a tee n a 
close nipple, another tec, a short pipe, and 



a cap. The tees arc fitted with pipes long 
enough to reach the surface of the water. 
These are set at an angle of about 45* 
from each other, and the tecs welded to¬ 
gether, One of the pipes is capped and a 
ring fastened to it. 

This apparatus rests on a small block 
of concrete, which is cast around the edge 
of the drain pipe and around tar paper 
wrapped around die end pipe, but is enough 
below the tees so that they can turn. 

Control is by a rope or cable stretched 
from the ring, past the vertical drain pipe 
to the shore. A pull on this line, by hand or 
machine, should raise the rinst pipe and 
turn the drain pipe down. The drain pipe 
can be raised by pulling the line from the 
opposite bank. 

With some risk of twisting the end off 
instead of turning it, the masonry block 
may be omitted and the outer tee replaced 
by a street ell u-elded to the inner tee. 

I he threads should be treated with 
waterproof grease or plumbers dope, and 
wrought iron fittings should be used if 
possible. 

Metal pipe is expensive in large sizes and 
six inch is about the minimum for a pond 
drain, except for use in dry seasons only. 
Considerable expense may be saved by 
using concrete or tile pipe under the dam, 
connecting it near ihe end with metal pipe 
to the valve or other drain arrangement. 

Vertical Tile, An overflow or trickle 
drain can also be made entirely with tile* 
A pipe is laid under the dam h ending on 
the upstream side in a concrete junction 
box, as in Figure 6-23, From this a tile pipe 
with joints sealed with soft mastic rises 
Eo the suriace. One of the pipes may have 
to be chipped short to obtain the proper 
height. The pond height is limited by over¬ 
flow into the pipe. 

The pond is drained by pulling the top 
pipe out of its joint and removing the next 
section when the water has gone down suffi¬ 
ciently, repealing the process until the bot- 
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Fig- 6-23. Spillway drain pipe 


tom is reached. Sometimes the whole pipe 
will pull out of the box and drain the pond 
all at once. At other times, a pipe may 
refuse to move and may have to be broken 
with a hammer or crowbar. 

The overflow type of pond drain serves 
to some extent as a spillway, but a regular 
or emergency spillway also should be pro¬ 
vided for flood conditions, and because 
of the possibility of the pipe becoming 
dogged. 

Pipes reaching the surface of the water 
can be protected against external ice pres¬ 
sure by tying several sticks or boards to the 
outside. 

Plugged Pipe* Plug drains are shown in 
Figure 6-24, A stopper is made by re¬ 
inforcing a piece of half inch to one inch 
marine plywood with iron bands* passing 
a cable through it and placing it over the 
pond end of the pipe, If the pipe is rough 
or chipped, it may be smoothed over with 
cement grout and painted with a soft nias- 
tic. 

As the water rises, its pressure should 
hold the wood firmly against the pipe. If 
any leakage occurs* the contact may be 
packed with clay and lied with burlap, or 
the pipe end buried in mud. 

The pond is drained by sliding the wood 
off the pipe by means of the cable and a 
tractor or car on the bank. Sometimes wood 
and concrete will adhere so firmly that 
the pipe separates at the next joint and 
comes out with the plug* in which case it 


can be reset after the water goes down. 
If the end pipe is set in masonry it will 
slay put. 

The upper end of the cable can be 
fastened to a buoy or to an anchor in the 
bank. 

A permanent plug such as that shown in 
(B) may be placed in the pipe and the 
pipe pulled with a cable. Hammercd-in 
wood plugs are satisfactory for diameters 



Fig. 6-24. Drain pipe plugs 
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up to four inches, and reinforced concrete 
for larger sizes. 

A drain pipe should be straight with 
good access to the lower end, so that if the 
plug-pul Ling device doesn't work, an open¬ 
ing can be hammered or blasted through. 

Drain pipes are a source of weakness to 
dams and must be carefully installed. It 
is best to place them before the dam is 
built, as this eliminates the difficulty of 
making a proper bond between fill and 
the wall of a ditch. Pipe joints should be 
watertight. 

One or two collars of metal or masonry 
should be built out from the pipe, as indi¬ 
cated in the illustrations, and sealed to it 
by cement or welding. These will discour¬ 
age seepage from following the outside of 
the pipe and cutting a channel along it. 
Clay, or soil mixed with bentonite, should 
be tamped or puddled around the pipe and 
the collars. 

The first layer of fill should be spread 
rather evenly along the masonry pipe, as 
a full load in one spot might push it down 
enough to open the joints. If the ditch 
bottom is not firm, the pipe may be set 
on a reinforced concrete slab the width 
of the pipe and up to six inches thick. 

A wood box, 3 feet square or larger, may 
be built of rot-resistant wood around the 
upper end of a drain pipe and topped with 
bronze screen, to keep fish in while lower¬ 
ing the pond. 

SPILLWAYS 

Construction, Ponds which are made by 
excavation only, and do not raise the origi¬ 
nal water level, usually overflow through 
stabilized streams or channels that do not 
require any artificial protection against ero¬ 
sion, If an earth or masonry core dam is 
used, however, an artificial overflow chan¬ 
nel, called a spillway, must be prepared. 

A spillway may have a surface of any 
material that will resist the destructive ac¬ 
tion of the water which might flow across 


it. A steady flow calls for a structure, usu¬ 
ally of stone or concrete, but occasionally 
wood, metal, or asphalt, A spillway that 
carries water rarely, as one which is in- 
tended to care for floods in excess of the 
capacity of a masonry or pipe spillway! or 
to provide for occasional overflow of a 
normally static pond, may be planted with 
grass or other well rooted vegetation. 

Spillway size may be calculated on the 
basis of the area drained, type of land 
and vegetation, and rainfall records in the 
same manner as culverts. However,, a 
greater margin for safety should be allowed. 

It is good practice to keep the spillway 
and the dam separate if possible, as each 
is a source of weakness to the other* A 
recently constructed dam ordinarily lacks 
the stability necessary to support heavy 
masonry, and it is difficult to get a leak- 
proof bond between dirt and stone. Any 
leaking through or around a spillway will 
be much more destructive to an earth dam 
than to a long established subgrade. On 
the other hand, practical and esthetic con¬ 
siderations frequently require placement of 
the spillway in the dam + 

If the dam including a spillway has a 
masonry core, the two structures can be 
combined. However, the core must be 
widened or buttressed, or the spillway pro¬ 
vided with additional foundations as firm 
as the core wall II the spillway is supported 
by a thin core wall and dirt fill, and the 
fill settles, the spillway will be left sup¬ 
ported only at the core, and may break, or 
may twist and break the core. A preferred 
method is to extend the core footings far 
enough to carry piers to support the spill¬ 
way. 

If the overflow is to be carried around 
the dam, standard practice for masonry 
structures may be followed. Two more or 
less parallel walls carrying the water race, 
which may be a curve or a series of steps, 
is a standard type of construction. The 
structure is strongest if of reinforced con- 
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crete well tied together* but stone and 
mortar make a more attractive appearance. 
The fill under the water race should be 
clean sand or gravel with good bottom 
drainage if the ground freezes in winter. 

S ir ! 11 L h m en I . If the spillway is 10 be part 
of a newly made dam t it may be based 
on the fill material, or may have footings 
in the native soil underneath the dam. In 
the first case, any settlement is liable to 
tilt or break the spillway and to settle away 
from it leaving channels for leakage. In 
the second case, the masonry will stand 
firm while the dam settles under it and 
away from it. If the structure includes a 
core wall long enough to tie into the earth 
on each side, such settlement may not be 
serious. 

Grouting' Leakage under a masonry 
spillway surface, resulting from dirt settling 
away from it, may be stopped by drilling 
holes in the masonry and pouring or pump¬ 
ing a cement and water grout into them. 

A grout injector may be an air pres¬ 
sure tank or a pump. The tank is pro¬ 
vided with an agitator to prevent separation. 
It is partly filled with grout and tightly 
closed, Compressed air is piped into the 
top of the tank, forcing the grout out 
through a pipe or hose in the bottom. 
The tank is opened and a fresh batch of 
grout poured in as often as necessary. Air 
should not be allowed to enter the outlet 
hose. 

Special pumps may be purchased, or a 
fluid grease dispenser or a tractor grease 
gun used. Pumping can be continuous, with 
extra grout added as necessary. 

The holes are drilled or punched to a 
depth ivhere the leaks are suspected. The 
grouting tube may be fitted with a rubber 
collar to fit the holes and held in place by 
hand, if low pressures are used. For high 
pressures, a threaded iron pipe is cemented 
into the hole some days before and the 
grout pipe coupled to it. 

The grout forced underground may 


penetrate and seal die leaks, it may be 
washed away by water or may escape to 
the surface of the ground. If possible, the 
pond level should be lowered to stop the 
water how during grouting. The whole area 
should be watched for the appearance of 
grout, particularly at the leakage points. 

A very thin grout made with forty-five 
gallons of water to a sack of cement is good 
for sealing fine porous soil* but will escape 
readily through small channels. The thick¬ 
est grout used, four and a half gallons of 
water to a sack of cement, will escape only 
through large openings but does not seal 
fine passages effectively. Sand mixtures are 
not recommended for amateur use because 
of the tendency to separate, but sawdust or 
line shavings may be mixed with grout 
used from pressure containers if the grout 
is otherwise washed out by water which 
cannot be stopped. 

If grout is applied at a pressure of more 
than a few pounds, care should be taken 
that it does not lift or break the spillway, 
or even split bedrock beneath, A tractor 
grease gun can develop pressure of thou¬ 
sands of pounds per square inch, and will 
break up strong masonry with little effort. 

All grouting equipment should be thor¬ 
oughly cleaned immediately after finishing 
the job, or for any shutdowns of more than 
a few minutes. 

Detailed information on the use of grout 
for stopping leakage and for other purposes 
may be obtained by writing to the Port¬ 
land Cement Association, New York J7, 
New York. 

Wood Spillway. Trouble from settling 
under a spillway may be avoided by putting 
in a temporary structure upon completion 
of the pond, and removing or destroying 
it w hen settlement is complete, and building 
the permanent spillway. Tongue and groove 
plank made into a box is a satisfactory 
construction. The dam surface on which 
the wood rests should be coated with ben¬ 
tonite, clay, or other heavy soil, and pud- 
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died um il semi-fluid. The spillway should 
be stirred around or vibrated when set, and 
mud packed in along the sides. 

A wood spillway may give satisfactory 
sen-ice for a great many years under favor¬ 
able conditions. 

Hnriznniu! Pipe- Concrete, tile, or corru¬ 
gated steel pipe of large size may be used, 
either as described under drains or laid 
horizontally through the dam at water level, 
with the same precautions against seepage. 

WATER SUPPLY AND LOSSES 

Water Supply* The ability of a pond to 
remain nearly full of water through a dry 
season is to a large extent the measure of 
its usefulness, except in semLarid sections 
where it is considered a success if it retains 
any water at alh 

A pond level is kept up by water enter¬ 
ing it through rainfall, surface wash, springs 
and seepage, and streams. It is lowered by 
evaporation, outflow, leaks, and seepage 
through sides and floor. 

Once a pond is built, litfle can be done 
to add water to it except by pumping 
water from a well, by windmills or engine- 
driven pumps, or more rarely, diverting 
water into it, It is therefore important to 
locate and build it in such a manner as 
to take full advantage of sources of water. 

Ponds dug in swamps may depend pri¬ 
marily on the water table existing before 
work is started, [f possible, fluctuations of 
this should be watched for a year or two. 
A hole may be dug by hand in the wet 
season until the bottom fills with water. If 
the water dries up the holes should be 
deepened. The water table can be followed 
down and its changes observed in this way. 

A dug pond may cut into active springs 
or extensive seepage areas which had pre¬ 
viously been draining below the site, so that 
the pond may keep a higher level than the 
ground water did. On the other hand, 
the swamp water might overlie a layer of clay 
or hard pan, which, when cut, would allow 


all the water to drain down into unsatu¬ 
rated porous soil, in which case it might be 
difficult to keep water in the pond. 

The best way to estimate the water sup¬ 
ply is to measure the drainage area. Figure 
6-25 indicates approximate requirements 
throughout the country. 

Seepage into Porous Soil* Outgoing seep¬ 
age can be greatly reduced and sometimes 
stopped altogether by keeping mud in sus¬ 
pension In the pond water for sonic time. 
The water in seeping out of the pond takes 
the suspended particles with it and lodges 
them in the fine passages through which it 
travels, thus clogging them up. This process 
operating naturally over a period of years 
makes possible the existence of rain fed 
ponds and swamps on sand dunes and 
gravel banks + high above the water table. 

Digging in a pond will keep it muddy, 
as will driving livestock around in it several 
times a day. Fine grained silt, powdered 
clay, or pellet bentonite may be scattered 
on the water with hand shovels, preferably 
when there is no overflow. 

If the water is leaking through channels 
too large to be plugged by sediment, a 
layer oF clay or a soil-bentonite mixture 
several indies in thickness should be spread 
over any outcrops of porous veins. If this 
fails to hold, the pond should be pumped 
dry and any leakage holes appearing in the 
day should be dug out and filled with the 
blanketing material to a depth of a fool or 
more. 

If the porous vein is comparatively thin 
and close to the surface, it may be sealed 
by injections of cement grout in the same 
manner suggested for spillways. 

If leakage is along sod or brush which 
was not removed before placing fill for the 
dam, it may be stopped by chopping and 
mixing. A mechanical tamper such as the 
Ottawa Hydrahantmer can drive a narrow 
tool several feet underground, and repeated 
blows struck dose together will mix the 
vegetation into the dirt so thoroughly that 
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it will no longer provide water channels. 
Additional HU can be added to the surface 
if necessary, and a wide face tamping tool 
used for compaction. 

Seepage along the old ground surface may 
cease when the vegetation rots, but this cure 
cannot be depended uport- 

Seepage cannot be stopped entirely but 
will fall to a very small amount in a well 
scaled pond r particularly if the water level 
is not high enough to create a strong pres¬ 
sure toward a nearby low spot. 

Movement of ground water is often 
nearly horizontal so that much of the loss 
from a pond is through the banks rather 
than the bottom. This is one factor in the 
excessive shrinking of some small ponds 
during dry spelts. 

Evaporation. Evaporation acts con¬ 
stantly to remove surface water. It varies 


with heat, humidity, and exposure to sun¬ 
light and wind, and may lower the level 
of a stagnant pond from five to fifteen feet 
during a summer. This loss is most pro¬ 
nounced in desert regions. 

The rate of evaporation is higher on 
small ponds than on large, and on shal¬ 
low ponds as compared with deep ones. A 
number of factors are involved; The banks 
heat more readily than the water surface; 
capillary attraction draws water several 
feet up on the banks, thus increasing the 
surface exposed to evaporation, and a large 
body of water warms more slowly than a 
small one. 

This loss from the water surface may be 
reduced by shading it with trees, but it is 
a question whether the trees do not use 
as much water as they save. If they are set 
well back from the edge, they may find a 
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large pari of their water supply elsewhere. 

Dry Land Ponds, Losses of water 
through seepage and evaporation assume 
their greatest importance in ponds designed 
to hi) with surface run-off in the winter 
or spring, and to hold this water through a 
dry summer, even though the water table 
drops many feet below their bottoms. 

Such a pond should be so located that 
the drainage from a large area will flow 
into it; not only so that it will fill even in 
years of subnormal rainfall, but so that 
it wifi get the fullest advantage from any 
freak rains that might fall in the summer. 
But it should not be placed in the channel 
of a stream having enough force to fill the 
pond with sediment during flood time, or 
to require an unreasonably expensive spill¬ 
way. 

Such a pond may generally be dug in 
the dry season without any interference 
from ground water. Pans, bulldozers, drag¬ 
lines. other shovel rigs, or horse or tractor 
drawn scrapers and scoops may be used, 
Techniques are similar to those used in 
borrow pits and cellars, except that banks 
must be sloped, not more steeply than one 
on one, and it is usual to place a large part 


of the spoil so as to build up a dam. 

For detailed discussion of the locating 
and building of such dry land ponds, the 
reader is referred to Farmer’s Bulletin No. 
1859, entitled “Stock-Water Develop¬ 
ments," issued by the U. S. Department of 
Agriculture, which can be obtained from 
the Superintendent of Documents, Wash¬ 
ington 25, D. C. 

POND MAINTENANCE 

Silling, Silting is a problem common to 
most ponds and reservoirs. Lakes of all 
sizes are short lived geologically, because 
incoming water deposits sediments that fill 
them, and water flowing out lends to 
deepen its channel. 

The amount of silting will depend largely 
on the local conditions. Steep slopes, culti¬ 
vated or bare land, and fast stream flow 
bring heavy loads of sediment into ponds 
and cause them to fill rapidly. 

Wastage of soil from farm land can be 
greatly reduced by contour plowing, ter¬ 
racing, and planting steep slopes to perma¬ 
nent grass or trees, with beneficial results 
to the land, the stream, and the ponds. 

Jf it is not possible to alter watershed 
conditions, silt traps may be constructed. 
These may consist of small ponds built 
above the main one, or a very deep hole 
on the upstream end of the pond. Such 
traps should be so located that a dragline 
shovel and inicks can reach them for peri¬ 
odic cleaning. 

Mud deposits found in ponds and lakes 
are made up of soil brought in by water or 
slumping from the banks; dust, leaves, 
pollen, and other debris falling from the 
air, and remains of plants and animals liv¬ 
ing in the pond, A combination of these 
sources usually produces a soft black mud 
which dirties and shallows the water. Near 
inlets and steep banks it may be chiefly 
silt or sand, and away from shores it is 
largely organic. 

Removal. A hydraulic dredge removes 
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such a deposit without draining the pond, 
but its use is seldom practical. It is apt 
to be too costly to transport and launch, 
there is unlikely to be enough water inflow 
to keep it supplied and adequate disposal 
areas are hard to find. 

Removal by machinery usually requires 
draining or pumping out of the water to 
avoid distributing disturbed mud through¬ 
out the pond. 

After draining, the mud deposit will 
often be found to be so soft that it will 
not support machinery safely even on plat¬ 
forms. Given time, it will drain and com¬ 
pact so as to be fairly firm, in which con¬ 
dition it will not only support platforms but 
will stay in a dragline bucket. This hard¬ 
ening process, which may reduce its bulk 
as much as SO percent, can be greatly ac¬ 
celerated by hand ditching into the subsoil 
for more thorough drainage. The ditching, 
however, is a sloppy job, and will be very 
discouraging at first because of mud flow- 
ing or slumping into the ditch and block¬ 
ing it. The first digging should be very 
shallow and can be gradually deepened as 
the banks drain. 

If the pond is narrow and accessible 
enough so that all parts can be reached by 
a dragline on the banks, or if the mud over- 
lies firm material that will support a dozer 
which can push the mud to a dragline, it 
may not be absolutely necessary to let the 
mud dry. If it is too thin to be picked up 
in the bucket, digging the ground under 
it several times may suffice to gel enough 
of it out. In any event, such undercutting 
will eventually lower it so much that it will 
no longer be a nuisance. 

It is seldom practical to just skim even 
dry mud of! the old bottom. At least several 
inches of native soil are ordinarily dug with 
it, and this opportunity is often taken to 
deepen the pond substantially. In some 
cleaning methods, it is necessary to take 
enough subsoil to build firm piles. 

The cleaning process differs from the 
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original digging in the usually shallower 
cuts, the peculiar nature of the mud, the 
fact tliat trees and landscaping on the banks 
often must not be disturbed, and the un¬ 
desirability of reducing the pond area by 
piling spoil inside it. 

Bottom mud is generally useless for agri¬ 
culture when freshly dug, but makes excel¬ 
lent topsoil after curing in piles for a year 
or two. Mixing with stindy subsoil speeds 
curing and improves its quality. It is often 
necessary to add lime to correct acidity. 

Dragline, If a dragline can do the neces¬ 
sary cleaning from the banks, the problems 
are chiefly avoiding or cutting trees, and 
providing either places to pile the spoil 
or means of access for trucks to haul it 
away. 

If the width is too great for the boom 
length, an unassisted dragline must work 
from the pond bottom, usually on plat¬ 
forms. From there it may pile spoil on 
the hanks to be leveled oR later; against 
the banks, to make a new shore for a 
smaller pond; load it in trucks on the bank, 
or build one or more windrows in the 
pond to be trucked out later, 

Trucking windrows must contain enough 
inorganic soil so that they will become firm 
as they dry, and must be high enough so 
that capillary water will not keep them 
soft. This height will vary from about 
three feet for a sandy mixture to seven to 
ten for silt or clay. Lower piles, or any piles 
containing a lot of humus, may require a 
surfacing of better soil or grave! before 
they will support trucks. The height of the 
roadway will be substantially lower than 
that of the top of the original windrow. 

The dragline may roughly level the piles 
as it builds" them, or this work may be left 
to a bulldozer. It may be advisable to use 
the lightest dozer that can do the work, as 
unexpected soft spots may be found, due 
cither to slower drying of sections of heavy 
soil or excessive amounts of humus in 
spots. 
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Fig. 6-27. Trucking out piled mud 


Since cuts are usually shallow near shore, 
and trees may interfere with maneuverabil¬ 
ity, it may not be practical to build the piles 
large enough to make a good land con¬ 
nection, in which case extra fill might be 
trucked in to bridge the gap. 

When the windrows have dried and been 
leveled of! for a roadway, the dragline 
can walk out to the end of one. possibly 
with the precaution of using platforms or 
poles, and dig it back from the end, loading 
trucks backed to it from the shore. It may 


just dig the piled material, or go down into 
the pond, either to deepen it or to obtain 
fill. Sections of roadway may be left to 
form islands. 

Use of this method involves deepening 
the pond six inches to two feet or more. 
The double handling, the trucking, and the 
volume of material to be removed may 
make it prohibitively expensive for large 
areas, although it results in a pond which 
is better than new. 

Dozer, if the bottom is firm enough to 
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Fig, 6-2£. Pushing myd up slot ramp 


support a dozer, and if the mud is thick 
enough so that a good load wil! stay in 
front of the blade, a dozer may provide 
the fastest and cheapest cleaning job. 

The mud can be skimmed off gravel 
subsoils with little mining. On softer foot¬ 
ings, or wet soils which chum to mud 
readily, several inches may have to be 
taken with the mud. In any case, the dig¬ 
ging down need not be as deep as with 
dragline work. 

Disposal of the spoil may be a critical 
problem, tt is liable lo be too sloppy *o 
pile up high enough for a bank T and to 
contain too much organic matter to make 
a satisfactory shore. 

It can often be pushed out. The average 
pond edge is loo steep for a dozer to climb 
with a load, so a ramp or ramps must be 
cut in it. If the shore is a dam, with low 
ground beyond, very liquid muds can be 
trapped in the ramp entrance and pushed 
through. Because of light friction, a dozer 
may push five lo ten times its normal 
yardage on each trip through the slot, but 
a part of the volume will be water. 

The ramp is apt to soften and break 
down, particularly at the bottom- Also, dis¬ 
posal areas at its head may fill up rapidly. 
For this reason, a number of ramps arc 


liable to be required, and backfilling these 
later may be a major project. 

The shovel dozer with grousers bolted 
on every fourth or fifth shoe on each track 
is the preferred tool for this work. The 
widely spaced cleats do not clog with mud. 
In cutting through heavy deposits, a shovel 
dozer is more adept at side casting than 
a standard dozer, and can backdrag ma¬ 
terial out of bad spots. When this is done 
by filling the bucket, it may be necessary 
to float it while backing to better ground, 
as lifting it tends to make the front of the 
machine sink in. This machine can often 
unstick itself by using the bucket dump as 
a pushing or pulling device. 

The second choice is a wide gauge bull¬ 
dozer. It usually has wide shoes that reduce 
its tendency to sink, and the width gives 
extra leverage for turning with loads on 
slippery footing. If grousers are worn down, 
a few' of them can be built up to provide 
non-etogging traction. 

When ihe bottom is reliably hard, a 
large dozer may be used. It is desirable 
because of greater production in both the 
volume of mud moved and area left cleaned 
by a single pass. It can also back into a 
deeper layer of soft mud without getting 
hung up than smaller machines with less 


6-35 


POND M A 1NTHNANC E 



Fig. ti-29. Gathering mud near ramp 


clearance. 

On soft or doubtful bottoms, lighter 
machines are much less apt to get stuck and 
are easier to rescue if they do. 

Saturated clay, stlt„ or very fine sand 
may look and act firm when work starts 
but soften under the weight and vibration 
of machinery. This change will be caused 
much more quickly by heavy than by light 
units. However, such soil will often con¬ 
tinue to give adequate support to a dozer 
as long a* it keeps moving, even after be¬ 
coming too soft for comfortable walking. 
No machinery should be left standing for 
any length of time on it, particularly if un¬ 
attended. 

When a dozer is used for swamp dig¬ 
ging, means should be provided for prompt 
rescue in case the bottom proves loo soft, 
or careless operation gets it stuck. If the 
dozer does not have a winch, a hand or 
machine winch, or equipment capable of 
exerting a heavy pull* should he on the 
bank with sufficient cable or chain to 
reach any part of the area. Cut green 
saplings and hand shovels should also 
be available. 


Drain holes in the flywheel and steer¬ 
ing clutch housings should be plugged to 
prevent the entrance of water and mud. 
Plugs should be taken out periodically to 
drain any oil that might leak into therm 

Fully sealed rollers which are greased on 
a twice a year schedule require no special 
attention. Other types may require greas¬ 
ing every two to four hours to prevent mud 
from working past the seals. Sand in the 
mud may make it very abrasive so that 
track wear may be several times as rapid 
as normal. 

Under average conditions, dozer work 
in a pond bottom offers considerable dan¬ 
ger of getting bogged down, and conditions 
arc often found to be so sloppy that little 
effective work is done. But when it works, 
it’s fine. 

Etumps. A bulldozer ordinarily cuts a 
ramp by digging from the side, parallel 
to the bank. The last few yards on the pond 
edge may be pushed out into the pond and 
lo the side, and brought back up with the 
mud, 

A shovel dozer may make the main cut 
in the same way, but is more likely to cut 
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Fig. 6-30, Cleaning far section ft rat 


it lengthwise from the top, facing the pond 
and carrying or dragging the spoil back 
up it. It will not need to push as much 
out into the pond. 

The ramp should be at the easiest possi¬ 
ble gradient to facilitate pushing large loads 
and to minimize churning under the tracks. 

When the ramp is roughed auu the dozer 
is backed into the pond mud until a good 
load is ahead of the blade or bucket. This 
is [hen pushed through the ramp to the 
disposal point* or parked in the ramp to 
be moved along with an additional load 
or loads. 

The floor of the ramp will usually soften 
from absorbing water out of the mud being 
moved over it* and U will be worn down 
continuously by the push of the tracks and 
cuts by the blade. These effects are liable 
to be most severe in the pond at the foot 
where the dozer turns upward for its climb. 
A deep hole may be gouged here which 
will usually fill with a very* thin mud. This 
ordinarily does not bother the machine any 
more than the same quantity of water* but 
will eventually reach the fan or other non- 
sttbmersible parts, and the ramp will have 
to be abandoned or its foot relocated. 


Such a hole may be convenient in 
freezing weather as the tractor may be 
placed in it overnight, so that the tracks 
will be under water and the mud on them 
wilt not freeze. This will save a long and 
messy job of putting it up on blocks and 
of cleaning and hosing it at the end of 
the day. It is of course not practical unless 
the bottom is entirely safe. 

The cleared space may be widened by 
other cuts fanning out from the ramp. This 
uniform expansion of area is not particu¬ 
larly efficient from the pushing standpoint, 
as mud tends to spread an each push over 
ground cleaned by previous passes, and 
both mud and subsoil become increasingly 
sloppy front reworking. However* it keeps 
the dozer close to dry land while bottom 
conditions are observed- This pattern is 
shown in Figure 6-29. 

II the original strip is worked back to 
the limit of the area to be served by the 
ramp, then widened at the far end, wind¬ 
rows wilt form at its sides that will al¬ 
low moving larger loads. The cleared space 
will not be subject to being crossed by 
other loads of mud. However, the risk of 
getting stuck is greater, and if the ramp 
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breaks down and becomes unusable, the 
materia] near it, which should have been 
the shortest and easiest push, will have to 
be moved to another ramp. Figure 6-30, 
The long slot is made in shallow mud 
by backing away from the ramp. In deeper 
mud it may be necessary to work away 
from the ramp* herringbone fashion, be¬ 
fore starling to push in, as in 6-31. 

Loads brought in at a sharp angle to 
the ramp are generally dropped temporarily 
in from of it to avoid the excessive churn¬ 
ing of swinging a load. 

Dozer and Dragline. Ramp difficulties, 
or lack of nearby disposal areas, may make 
dozer cleaning impractical even when the 
bottom conditions arc favorable. In such 
cases, the dozer may push the mud so 
that it can be reached by a dragline stand¬ 
ing on the shore or the pond bottom, which 
can pile it on the bank or load it into 
trucks, as in Figure 6-32. 

This method can be rather widely ap¬ 
plied and is usually more economical than 
doing the whole job with the dragline. 
Pump. Cleaning by machinery usually 
mises some of the mud with so much water 
that it becomes too thin to be picked up 
or pushed, but can often be pumped. 

A diaphragm pump will handle heavier 
mud than a centrifugal, but the volume 
moved is much smaller. 

If a water source is nearby, clean water 
can be pumped into a hose line and the 
mud stirred up, thinned, and driven to the 


mud pump or gravity outlet by a stream 
directed from a nozzle. If patience and man 
power are sufficient, whole ponds can be 
cleaned in this manner* 

After removal from the pond, the mud 
may be allowed to flow away from the 
work area, or to accumulate in natural de¬ 
pressions; it may be held in a settling 
basin from which it can be dug after it 
has dried; or it may be placed directly in 
tight-bodied trucks. The very thin muds 
which pump most easily are usually the 
hardest to dispose of. The contractor is 
liable for mud damage downstream or on 
adjoining property. 

Wafer Plants* Vegetation growing on the 
bottom may choke and fill a pond. Deep 
ponds are not bothered much this way, 
particularly if they have sleep shores. 

Many bottom plants, and the microscopic 
ones that float in the water and give it a 
dirty appearance, may be killed by doses 
of copper sulphate. This may be obtained 
from ]arge hardware stores or From dealers 
in commercial chemicals. The easiest way 
to apply it is to put it in a burlap or other 
loose weave bag, and tow it through the 
water with a boal t or by swimming or 
wading. 

Two to three pounds to a million gallons 
of water, applied two or three times a year, 
should keep a pond clean. If it is allowed 
to become heavily overgrown, applications 
of two to three times that amount, at two 
week intervals, may be required. 
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Fig, 6-33. Dozcr-draglinc Team 


There is a slight danger that doses 
heavier than those mentioned might kilt 
a few fish because of decomposing plant 
matter clogging their gills. Even if no fish 
are present, heavier doses are seldom 
economical. 

Pond area may be roughly calculated 
from dimensions found by pacing, or by 
stadia as in Figure 2-19, Soundings will 
indicate the depth. Area in square feet times 
average depth will give cubic feci of water. 
One cubic foot equals 7.6 gallons. 

Copper sulphate cuts down the food sup¬ 
ply of fish by reducing the vegetable food 
that is the basis of all animal life in tire 
pond. Usually a balance can be preserved 
in which the plants are reduced enough to 
be unobjectionable but sufficient food is 
left for a large number of fish. 

Bottom plants may also be prevented 
from growing by adding a general lawn 
or garden fertilizer to the water. This en¬ 
courages heavy growth of microscopic plant 
life, which turns the water brown and cuts 
off the sunlight necessary for the early 
growth of the larger plants, 

Fertilization of water increases the abil¬ 
ity of the pond to support fish by provid¬ 
ing more food, However, the brown color 
makes the water unattractive to swimmers 
and detracts from the appearance of the 
pond. 

Water weeds that resist copper sulphate 
can usually be killed by sodium arsenite. 


This very' poisonous chemical is applied 
to the surface, preferably by orchard type 
power sprayers in warm clear weather. 

From I to 4 gallons of the liquid, or 5Id 
to 21 pounds of the powder, will treat 
64,000 cubic feet of water, or a pond 40 X 
40 feet. 4 feet deep. The amount used 
varies with the density of weed growth. 

Such proportions are not harmful to fish, 
except that the decaying weeds use up oxy¬ 
gen. Unless there is a strong inflow, heavy 
weeds should be treated a section at a time 
to save the fish from suffocation. 

Emergent weeds such as cattails and 
water-lilies can be killed by a 1.0 percent 
spray solution of 2 t 4-D, or kept from 
spreading by about ’/m that strength. 

Complete information can be obtained 
from Fishery Leaflet 344, Department of 
the Interior, Fish and Wildlife Service* 

State fish and game authorities can sup¬ 
ply the names of contractors qualified to do 
this work, Permits from the state, and from 
the Board of Health may be required for 
any chemical treatment of ponds. 

In small areas weeds can be removed 
successfully by pulling them out with rakes 
or by hand. 

SWIMMING POOLS 

A concrete-lined swimming pool is a 
special type of artificial pond which is en¬ 
joying increasing popularity. It is tremen¬ 
dously more expensive in relation of area 
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Fig. 6-33, Dimensions, 

and volume of water. On the average, it 
requires more upkeep. However, it is much 
more flexible in location and is more 
limited in space requirement. Many per¬ 
sons who have an aversion to mud or 
water snakes or even just nature will care¬ 
fully avoid a natural or dug pond, but 
swim happily in a pool, 

A pool should be made of reinforced 
concrete. Concrete block construction is 
risky, although it is often successful in 
well drained soils in frost-free regions. It 
sometimes ends up with a reinforced con¬ 
crete wall inside it. 

The standard type of pool has vertical 
walls joined at right angles, and a floor 
slope which allows diving at one end and 
wading at the other. A usual dimension for 
family use is 20 x 40 feet with a maximum 
depth of nine feet. An excavation is made 
in about the same manner as for a cellar 
except that more care is taken in finding 
firm and uniform footings. 

A less common but somew hat more eco¬ 
nomical pool may be made by dig^ine a 
hole with Irregular shape and sloping 
banks, setting reinforcing rods on the bot¬ 
tom and sides, and spraying on concrete 
to make a structure conforming with the 
irregularities of the excavation. This re¬ 
quires very firm and uniform soil for proper 
support. Whether the less conspicuous but 


family swimming pool 

also less conventional appearance is good 
or bad is a matter of personal taste. 

A pool must be stronger and better sup¬ 
ported than a house foundation, because of 
the variable load of water it must carry- 
When it is full* it weighs heavily; when 
empty, it is light enough to float. In fact* 
ground water and tide have been known to 
float pools out of position, with little or 
no damage to their structure but, of course* 
severe impairment of their usefulness. 

It is desirable that a pool be eqipped 
with a pump and filtering apparatus to 
remove dust* pollen, and other materials 
that fall into the water. The attractiveness 
and the cleanliness of the water arc im¬ 
proved, and the frequency of needing to 
clean the bottom and walls are reduced. 

If the capital budget is small, a pool 
for family use only can be kept usable by 
frequent addition of new clean water 
through a garden hose, and draining and 
scrubbing as often as necessary. 

Maintenance includes supplying small 
amounts of chemicals to kill algae, removal 
of bottom debris with a suction hose, and 
occasional draining, cleaning, and painting. 

When freezing weather is expected, the 
poo! should be kept full, and logs fastened 
along she edges and sometimes across the 
center for protection against ice prcssurc. 
Eighl foot lengths are convenient. 
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CHAPTER SEVEN 



HOME LANDSCAPING 


Landscaping may include the processes 
of cutting, filling, or grading to change 
ground contours; retaining or placing ade¬ 
quate topsoil; preserving, moving, or add¬ 
ing vegetation, and planning and installing 
walls, drives, and game courts. 

An important purpose is to produce a 
pleasing appearance. This may be an end 
in itself but is usually secondary to the 
use of the land. 

Landscaping is often the final step in 
jobs which involve earth moving. It is re¬ 
quired in connection with highways, par¬ 
ticularly of the parkway or thru way type; 
to improve the appearance of home or 
business buildings not surrounded closely 
by other buildings and paved areas; to 
beautify parks, and to provide them with 
suitable recreation areas. 

Plans should lake into account proper 
drainage, which may include subdrainage. 

Landscaping is often done under the 
personal direction of the landowner or his 
representative, but may be finished to 
grade stakes or left largely to the contrac¬ 
tor's judgment. 

A large part of the annual landscaping 
bill is for work around homes. Much of 
this is done during house construction or 
immediately after its completion, in con¬ 


nection with backfilling around the founda¬ 
tion, disposing of dirt dug for the cellar or 
footings, and restoring surface drainage. 

Such landscaping may include construc¬ 
tion of terraces, retaining walls, and drive¬ 
ways, moving or planting of trees and 
shrubs, and making lawns. 

The excavating contractor may perform 
the entire job or only the heavier parts, 

CHOOSING THE SITE 

House Elevation. The type of grading 
dose to the house is determined by its 
elevation relative to the land, The wood 
sills or trim should be at least four inches 
above the finished grade of the topsoil. 
In general, exposure of more than a foot or 
two of foundation causes a house to look 
too high for current styles. The ground 
should slope down away from the house 
enough to prevent surface water from 
standing against the wall. 

A house may be set high enough so that 
dirt from the cellar excavation can be 
used entirely in backfilling and grading up 
to it. If the floor level is determined in 
reference to the original grade, the bulk 
of the piles must be "lost” on the grounds, 
or trucked away. If one side of the house is 
level with or cut into an up slope, massive 
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Fig. 7-1. Elevation of house on slope 


excavation will be required to give out¬ 
ward drainage. This is costly and will pro¬ 
duce an artificial appearance. See Figure 
7-1. 

Grading is also affected by the extent 
and type of cellar excavation. A deep, 
full cellar produces large quantities of fill, 
while digging for footings and a floor slab 
may yield little or none. When the house 
is to have a cellar, is to set low, and i$ to 
be built on a plot having a good grade, 
it will probably be economical to haul 
away all dirt not required for backfill 
around the foundation. 

Desired depth of the foundation below 
ground line may be obtained by digging 
full depth and removing spoil; by putting 
the cellar floor at the original surface and 
filling; or by an intermediate method. In 
general, the most economical way is to 
cut just enough to provide the necessary 
amount of fill to build the ground up to 
die house, 

Hock and Water. The presence of rock 
or water near the surface may make a plot 
a poor investment, and in any case is im¬ 
portant in deciding whether to have a cel¬ 
lar, and the depth to place its floor. 

Shallow rock can be found with a probe 
made of four or five feet of stainless 
steel rod, with a sharp point at one end and 
a handle at the other. This can be pushed 
down into any but the hardest soils. 

However, it will not tell whether resist¬ 
ance is a cobble or ledge. A long sharp 
crowbar or pryhar can be sunk by repealed 
dropping and turning. If it is stopped by an 
obstruction, lack of vibration as it strikes 
indicates a small stone* vibration only near 


the hole a boulder, and a general jarring, a 
formation of bedrock. 

Vegetation will tell a lot about water 
conditions. Bush willows and bog or bunch 
grass must have it wet in the spring at least. 
Such water-loving plants on a flat indicate 
swamping conditions. On a slope they show' 
a s P r ^ n g or seepage, and may warn of ledge 
rock as well. 

If rock or a high water table is found 
on I he site or surface drainage is poor* 
it is often good practice to reduce the depth 
of excavation and truck in fill. 

No fill should interfere with drainage 
from adjoining property. If the land must 
be raised, drains should be placed under 
or around any dam that is formed. 

A septic field on low or impervious 
ground may have to be placed in a filter 
bed (pervious fill) which may be quite 
costly, 

lEMJ or A alley. Choice between a hill or 
valley site may be largely a matter of per¬ 
sonal preference. Some people like to look 
down, most like to took around* but a few 
enjoy a closed-in feeling. Often, however, 
these preferences will not be strong enough 
to outweigh other considerations. 

A hill top is almost always well drained, 
so that the wet cellar difficulties discussed 
in Chapter 5 will not arise. On the other 
hand, it is much more likely to have rock 
dose to the surface, so that the expense of 
cellar digging may be three to six times 
greater than for dirt excavation. 

Ground drainage can be too good. A per¬ 
son wanting to enjoy lawns and gardens 
will have difficulty with them in dry weather 
if they are on a heap of sand or gravel. Top- 


7-2 






LIME OF SIGHT 


Fig- 7-2. View down slope 
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soil is likely to be poor, thin, and stony. 

A top-of-the-world house gets whatever 
breeze exists in hot weather, but may get 
rather too much wind at other times. In icy 
weather it may be hard to get home up a 
slippery driveway, but it would take very 
bad conditions to make it impossible to get 
out in die morning. Allergic trouble with 
pollen and molds is usually somewhat re¬ 
duced. 

Building on low ground risks water 
trouble in the cellar, if any, and the possi¬ 
bility of serious flooding from streams or 
drains. It limits view to the immediate sur¬ 
roundings, provides a higher average tem¬ 
perature but increases danger of frost 
damage (cold air flows downhill), reduces 
effect of cooling breezes in the summer and 
even more cooling gales in the winter, and 
usually provides rich and moist soil for lawn 
and garden. 

If at all damp, a low site is dangerous to 
the health of arthritis and asthma victims. 

Slopes may offer any combination of fea¬ 
tures of high and low land. Special factors 
to consider are that if the land slopes down 
to the south it will be warm (or hot), and 
if down to the notrh it will be cold. Western 
exposure offers sunsets, which are much 
more popular than sunrises. Steep stops 


make landscaping difficult and expensive, 
although the final result may be worth it 

Sleep driveways are a perpetual nuisance. 
Elderly people may be prevented from 
walking and visiting by the necessity of 
climbing a slope. Severe wet cellar difficul¬ 
ties arc rare but not unknown, and some 
water trouble is common. 

View. A house on high ground may be 
largely deprived of the enjoyment of a 
fine view by being set too low or too far 
back from a slope, or by careless grading 
or planting. 

The majority of houses are now the one- 
story type. When two-story construe lion is 
used, "the ground floor, particularly the 
living room and terraces, is the level from 
which scenery is most often enjoyed. Scenic 
potentialities should therefore be worked 
out in reference to a person sealed on the 
ground floor. 

A common error is building or failing to 
remove a high spot which, although lower 
than the house, blocks the view of nearby 
down slopes and hollows. See Figure 7-2. 

There is often conflict between trees 
and view which must be decided on a 
basis of individual preference. In general, 
ordinary' young trees may be quite readily 
sacrificed while old trees or fine specimens 
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of younger ones should be preserved if 
possible. Drastic pruning will often serve 
the same purpose as removal 

Stacie* Shading a bouse and grounds 
from full sunlight is desirable, but too 
heavy shade will cause excessive trouble 
wj(h rot and mildew, and create unhealthy 
conditions, particularly for asthma and ar¬ 
thritis sufferers. Such trouble may be re¬ 
duced by building in live open T by high 
trimming of branches of existing trees to 
permit full air circulation, and by use of 
discretion in planting, 

A person buying a plot for its fine trees 
should be sure that it will not become 
necessary to remove them in order to build 
a house. 

Noise* If noise from a highway or rail¬ 
road is of critical importance in determin¬ 
ing house location, it should be remem¬ 
bered that it travels chiefly upward, partly 
because of reflection from the pavement or 
roadbed. Even hundreds of feel up a hill¬ 
side will not reduce it substantially if the 
source remains within sight. 

If die river in Figure 7-2 were a noisy 
highway, the construction which is wrong 
from a scenic standpoint would become 
right when noise only is considered. An 
earth bank is a more effective sound de¬ 
flector than a hedge or other planting. 

Water Well Drilling. A substantial por¬ 
tion of both home and industrial building is 
in areas not reached by water mains. Most 
farms depend on ground water for domestic 
use, and many use it for irrigation also. 
Factories, theaters, and other large users 
of water may find that they need a supply 
in addition to city water. Under such cir¬ 
cumstances, the only method of getting a 
dependable supply of safe water may be to 
drill for it. 

In sandy or gravelly soils surface water 
outcrops, such as ponds and springs, give 
a rather good indication of the level and 
abundance of subsurface water. However, 
a well should go substantially deeper than 


this level, both for purity and for protection 
against unusual dry spells. 

Where possible, it h best to get water 
from rock, or deep down in sandy soil 
Danger of contamination is then negligible. 
Casing is driven down at least far enough 
to keep surface water and loose soil out of 
the hole. 

Wells are usually located for conven¬ 
ience, on the First try at least, as prediction 
of underground water may be highly un¬ 
certain. This is particularly so when the 
soil is loo shallow to provide safe supplies* 
and water must be obtained from rock. 

Divining rods of various kinds are used 
in many sections to locate water. In tests 
these *"dip sticks*’ have shown a somewhat 
better record than random drilling f but the 
difference can usually be accounted for by 
the good judgment of the experienced man 
who carries it. 

The best place for a well for a residence 
is just outside the foundation line, so that 
it can be included in a small extension of 
the cellar or connected by a short pipe, 
bm can still be reached vertically from out¬ 
side for pulling underground equipment 
and servicing the underground part of 
the pump. It is usually drilled and lined 
(cased) before the cellar h dug. 

Placing the well away from the house 
involves building a rather costly separate 
pump house, which may offer a landscaping 
problem and which will have to be con¬ 
nected to the house by water and electric 
lines. It docs have the advantage of freeing 
the house from the noise of the pump and 
automatic switch, and the possible nuisance 
of water from leaks. 

A well under the house is very con¬ 
venient, and lately has become permissible 
because of improvements in pump design. 
The flexible plastic pipe and jet pumps, 
now most commonly used in drilled wells, 
make it possible to service them in spile of 
limited headroom. 

Distance between sewage septic fields 
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and wells may be subject to local regu¬ 
lations. Under ordinary circumstances, 
there is no conflict between having them in 
[he same place if the well is deep, but ihcre 
is a slight chance that the casing might 
crack or become disjointed and allow leak¬ 
age into the water. For this reason, pru¬ 
dence dictates that the well top should be 
higher than the field, and at least 50 feet 
away from it. 

The spudding or well drill, usually 
mounted on a truck, is the standard tool 
for the drilling. When water t$ encountered, 
its flow in gallons per minute can be 
roughly measured by bailing. 

A hand pump may be put on a well for 
use during building construction. 

A flow of four gallons per minute is con¬ 
sidered adequate for a small residence, but 
double this is desirable to assure a gener¬ 
ous supply. A small water flow can be 
partly compensated by a targe storage tank. 

SHAPING THE LAND 

Backfilling. In general, it is most satis¬ 
factory to backfill around a foundation be¬ 
fore the framing of the house is started. 
This removes the piles of fill that form an 
obstacle and a hazard during construction, 
and provides space for entrance and piling 
of materials. 

Backfill against fresh masonry must be 
done carefully. A heavy dozer should keep 
farther away from the wall than the diam¬ 
eter of the largest stone found in the till, 
to avoid accidental punching of holes. It 
should noi walk on fresh backfill parallel 
to the wall because if it sinks on the side 
toward the house it will exert a heavy 
thrust, and be almost impossible to get out 
without causing damage. 

Foundation backfill is seldom tantpc 
when it is placed, but failure to compact it 
offers the danger of the loose dirt soaking 
□p enough water during a heavy rain to 
crush the wall by hydraulic pressure. Good 
underdrainage around the footings, a 



Fig. 7-3* Irregular settlement after grading 

proper surface slope away from the house, 
and compaction of the surface make such 
a disaster unlikely. Placing floor beams 
strengthens the foundation. 

A foundation of concrete block is sub¬ 
ject to damage even after curing. Unless the 
fill is wet the weight of the dozer is un¬ 
likely to cause damage, but a stone may 
still be punched through it. 

A shovel dozer is the preferred tool for 
backfilling and grading around a house, 1 ts 
ability to Wk and turn with loads, to cross 
graded ground with a load without exces¬ 
sive damage, and to place dirt exactly 
where it is needed, enable it to accomplish 
much more work than a bulldozer of the 
same size. However, it cannot grade quite 
as dose to a wall because of the overhang 
of the back of the bucket in dumped posi¬ 
tion. and the fact that the bucket is little, 
if any, wider than the tracks. 

Grading, Grading may be mostly or en¬ 
tirely a problem of disposing of surplus fill 
to the best advantage. At other times it 
will consist of arranging for proper drain¬ 
age. removing objectionable humps or till¬ 
ing gullies; disposing of stone walls or 
boulders; reshaping to obtain a desirable 
view or to avoid an undesirable one, or re¬ 
arranging contours for better appearance. 
These operations may produce a surplus of 
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soil, or may require bringing in hundreds 
or even thousands of yards. 

Soil an trenches and fills should be thor¬ 
oughly compacted before the fine grading 
is done. Unfortunately, it is not common 
practice to attend to this on small jobs, with 
the result that an originally pleasing ap¬ 
pearance degenerates badly in a year or 
two. Effects are bad when a level or evenly 
sloping lawn settles into humps and hol¬ 
lows, and are worse when game courts, 
stone walls, or paved drives are involved. 
See Figure 7-3. 

Trench backfill can be compacted by 
hand, with air, gasoline, or mechanical 
hammers, or with electric vibrators. If 
ample time will elapse before grading, 
ditches can be loosely filled then puddled 
by hooding with water Full shrinkage will 
not occur until they have dried out r a proc¬ 
ess which lakes a few days with porous 
soils and weeks with heavy ones. While 
wet, a puddled ditch is a dangerous trap 
for machinery. 

Septic fields and tanks can be easily 
damaged by machinery or trucks. 

Fills should be compacted by rollers or 
trucks. If trucks are used, each fill layer 
(preferably not higher than ten inches) 
should be thoroughly rolled first empty and 
then loaded. Running a loaded truck on 
loose fill puts a severe strain on its power 
train. 

If an area to be filled is cut to an even 
grade or the high spots broken up first, re¬ 
sults of settling will be less damaging than 
if fill h placed over an irregular surface, 

A medium textured fill is more satisfac¬ 
tory for most purposes than either very 
porous or very heavy soils. 

Lawns should not be perfectly fiat for 
any appreciable distance. The maximum 
slope which it is convenient to mow is 
about I on 6 for long grades, and J on 3 
for short terraces that are hand cut. Steeper 
grades may be left in long grass, planted 
w ith vines, shrubs, or fixed as rock gardens. 



Fig. 7-4, Slone walls may be very solid 


Old Halls, In New England and many 
other sections of the country, utilizing or 
disposing of old stone walls is a common 
problem in landscaping. They often contain 
huge stones which are so buried and bound 
that they offer a problem to any but the 
largest machinery. For this reason, and be¬ 
cause of the beauty of many of them, ii 
is advisable to leave them in place when 
possible. 

A dorter can move a wall but can seldom 
rebuild it properly. A shovel or a shovel 
do£cr can dig out such a wall and roughly 
rebuild it with the bucket* or with the help 
of chains and a good rock man, reassemble 
it better than new. The chain work is slow 
and expensive. 

If the wall is to be removed an attempt 
should be made to sell it. Weathered field 
stone in small sizes is often in demand, 
liouldcrs can occasionally be used in deep 
fills, stream bank riprap, or breakwater 
construction. Prices obtained for large 
stone seldom more than repay the expense 
of handling. 

If there is no market for stone* an at¬ 
tempt should be made to bury \\ m The bulk 
can be roughly calculated by measuring the 
length and the average height and width of 
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Fig. 7*5, Retaining wall sections 
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the wall, including the underground part. 
If no gully or other natural disposal point 
is available, a hole or holes should be dug 
to contain somewhat more than the calcu¬ 
lated yardage, allowing for a foot or more 
of fill over the top. 

Excavation is done in the same manner 
as for a cellar. Topsoil should be stripped 
off the area that is to be dug and regraded. 
The hole should be deep rather than w ide, 
and might well be dug by a hoe rather than 
a dozer, if one is on the job, A hoc may 
dig a trench close along the wall, followed 
immediately by a dozer pushing the stones 
into it and regrading. 

A hoe is often more efficient than a 
dozer at breaking up a stubborn wall, as it 
can work out one stone at a time. However, 
it cannot transport the stone readily. 

The rocks can be trucked away if burial 
is impractical because of shallow soil, trees, 
or landscaping. A shove! dozer, a dipper 
stick, or a big clamshell can break up the 
wall and load it. Trucks should preferably 


have bodies built to carry rock, or be so 
old and beat-up that damage will not 
matter. 

Loading a wall is slow work, Even small 
stones may be hard to dig out when in 
groups, and big ones are hard to get se¬ 
curely in the bucket. Production in yards- 
per-hour may be pitifully low. 

Retaining Walls. Masonry walls are fre¬ 
quently used to separate different ground 
levels. They may be required where the 
slope is too steep for earth, or used largely 
for the sake of appearance. In the first case, 
the wall may make up only part of the 
required rise, and an earth slope is con¬ 
tinued from its top. Such walls must be 
strong and well founded if they are to give 
good'service. They are subject to very 
heavy pressure from the dirt behind them, 
particularly if it slopes up from the top 
of the wall, and if it becomes saturated. 
Freezing will cause a push against the top 
of the wall and disruptive forces inside it. 
Tree roots can act to lift and overturn it. 
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walls and drainage 


Some cross-sections of retaining waits 
are shown in Figure 7-5. The foundation 
must be adequate or the wait will fail. If 
the ground under it is unstable because of 
its nature, recent placement without proper 
compaction, or frost heaving, the wall will 
break up or lean outward. It is therefore 
essential to found it below frost level on 
firm soil or rock. Jf the quality of the soil 
is questionable, a wide concrete footing 
slab may be poured. 

The thickness and strength of masonry 
required for a retaining wall are commonly 
underestimated. Results of under-strength 
construction are sometimes satisfactory, 
but often not. For safety, wall thickness at 
any point should be between one-third and 
two-thirds of the height of the wall above 
that point, and the top should be six to 
nine inches thick. Minimum thickness is 
safe when reinforced concrete is used, 
when height is moderate, and the retained 
soil well drained and stable. 

Maximum thickness is required when a 
steep slope rises from the rear of the wall, 
and when the ground is very unstable. 
Other considerations are the strength of the 
masonry. Reinforced concrete is the strong¬ 
est used. Plain poured concrete is con¬ 
sidered stronger than concrete block, brick, 
or mortared stone. Dry stone walls have 
little resistance against thrust and should 
be kept Iow\ 

The push from dirt behind the wall can 
be minimized by keeping it well drained, 
A layer of gravel or other porous material 
should be placed along the rear face of the 
wall. A tile drain should be placed beneath 
the foundation, and there should also be 
“weep" holes through the wall itself. 

Ground expands when the water in it 
freezes, and the surface slab formed in this 
manner can exert a considerable thrust. A 
slope or batter at the rear comer will de¬ 
flect this pressure upward so the slab will 
slide on the wall instead of pushing it. 

A vertical wall often has an appearance of 


overhanging. A backward Jean or batter of 
one-half inch for each foot of height will 
counteract this. Such batter can be in¬ 
creased to any desired slope with some in¬ 
crease in stability, A face slope in a dry 
masonry wall may permit outward move¬ 
ment for some years before it becomes ver¬ 
tical or overhanging. 

Drainage. It is desirable that all areas be 
provided with sufficient surface slopes, 
proper subdrainage, or both, so that water 
will not stand anywhere, and the ground 
will dry' and firm rapidly after saturation. 
Particular care may be required to sub¬ 
drain any soil touching cellar walls or floor. 

When the soil is porous sand or gravel 
and the water table is low, drainage is usu¬ 
ally automatic and mistakes in gradient will 
show only briefly during rains. Impervious 
soils, however, demand care in shaping so 
that they will drain completely, not only 
when the job is completed but after settle¬ 
ment of fills. 

If pervious fill is placed on a relatively 
impervious native soil, the lower surface 
should be shaped to drain, to avoid trap¬ 
ping underground water in pockets. If the 
native soil to be buried is pervious it need 
not be graded for drainage, regardless of 
ihe type of All, although shaping to avoid 
uneven depth of fill is still advisable. 

Where areas are large, rain water flowing 
on *he surface may constitute a serious 
nuisance even if it does not erode the 
ground. At a price, such water can be 
caught in catch basins, then removed 
through underground pipes. Because of the 
expense of such an installation it is best to 
have it designed by someone familiar with 
the work. If this is not possible, pipe size 
should be figured in the same manner as 
culvert capacity, according to the maps and 
(aisles in Chapter 5. Sometimes undersize 
pipe is used for economy, on the basis that 
occasional overflow along the surface under 
extreme conditions will do no great harm. 
However, eight inch pipe is the smallest 
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that should be used with such catch basins. 

If lard tile is used, it will also function 
as a subdrain. However, care must be taken 
not to allow more surface water to enter 
it than it can easily handle, as the hydraulic 
pressure resulting from water standing in 
or over the inlets may force channels out¬ 
side the tile, which will undermine or mis¬ 
align them, with resultant impairment or 
destruction. If the important problem is 
surface water, concrete pipe or sewer tile 
with mortared joints is preferable. 

All inlets should be protected with grat¬ 
ings firmly set in masoniy. Lack of these 
may permit entrance of large objects or 
masses of material which will plug the 
drain. Gratings are usually larger in area 
than their pipe, to allow for partial dogging 
with leaves. The vertical or steeply sloped 
pipes up to the catch basin should have 
light joints. 

If backfill is not tamped in the trench 
made for the drain, it may settle and leave 
the grating standing up above the sod. This 
is unsightly, makes it vulnerable to break¬ 
age, and interferes with reception of water. 

If a garage is below ground level, a 
catch basin in the driveway just outside it is 
necessary. This drain MUST be adequate, 
as its failure in a heavy storm will flood the 
garage and perhaps the cellar. 

Gutter drainage to dry welts or tile is dis¬ 
cussed in Chapter 5 under Cellar Drainage. 

Subdrainage, Land tile subdrains may be 
installed under lawns and gardens to cor¬ 
rect saturated or oozing conditions, to 
speed up drying after rain, or to provide 
better growth conditions for plants. Be¬ 
cause of expense, they are generally limited 
to “show” sections or game courts. 

The same techniques described for agri¬ 
cultural drainage are employed, except that 
the interval between tile lines is often much 
smaller, spacing as close as ten feet some¬ 
times being used under tennis courts. 

Subdrains may be lied in with the tiling 
around the cellar and with catch basin sys¬ 


tems for surface runolL They should drain 
to low areas when possible, as opening into 
storm water drains expose them to damage 
from backed-up flood water. 

FINISHING OFF 

Topsoil. Topsoil which has been sal¬ 
vaged in advance of digging may be spread 
as'soon as the fill is graded off, or left piled 
until the house is finished. Immediate 
spreading provides a cleaner appearance 
which is of particular value to houses built 
for sale, but the topsoil is liable to become 
mixed with various sorts of waste, and to 
be severely packed by supply trucks. 

The two-ton “toy" shovel dozer or bull¬ 
dozer is the best unit for spreading as it is 
so tight that it leaves average topsoil in 
condition to be finished off by hand, where 
heavier machines compress it so that ma¬ 
chine tillage is required. It also can maneu¬ 
ver among trees, retaining walls, and other 
obstacles with less danger of damage and 
far less loss of time than larger dozers. 
It can work over the average septic tank 
or field, and can often do a complicated job 
more quickly than its big brothers. 

An excellent team for residential grad¬ 
ing is a shovel dozer as big as the traffic 
can bear for the long and heavy pushes and 
carries, and a two-ton to distribute and 
smooth off the material. 

A light farm tractor with a pusher blade 
can do auxiliary or light grading. 

Freshlv spread topsoil or undisturbed 
field sod which is to be reworked into lawn 
is often loosened up with a rotary tiller. 
This machine leaves it soft and easy to 
work, and if the topsoil is thin will increase 
its usefulness by mixing in some subsoil. 

It is not possible to slate a general rale 
for the amount of topsoil needed around 
a house. Good topsoil has three important 
characteristics: it contains humus which 
absorbs water and doles it out to plants in 
dry weather, it contains a supply of avail¬ 
able fertilizer, and it has a grain size and 
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arrangement that is favorable to plants, 

A lawn made with poor or too thin top¬ 
soil may be persuaded to grow vigorously 
by proper fertilizing. However, it will tend 
to bum out during dry spells unless it is 
shaded. It will dry out more readily if it is 
over gravel or sand subsoil than over 
heavier soil. The minimum topsoil depth 
for a lawn under most conditions is two 
inches, and four inches is safer. However* 
benefits are obtained from greater depths, 
and it is common practice to use up what¬ 
ever piles are around. If the original soil 
was thin, or had been lost, more must be 
trucked in. 

Gardens, flower beds, and shrubs like 
to have about eight inches, and depths up 
to two feet are recommended for some 
species. 

If peat (humus) is obtainable locally at 
a low price, ii may be spread on subsoil 
and mixed in by hand or machinery. With 
the addition of lime and fertilizer it may 
serve well as topsoil and might be much 
cheaper. 

Converting Field to Lawn, The original 

lawn made around a neiv house may be 
partly or wholly at the grade of an exist¬ 
ing field supporting a growth of mixed 
grass* wild flowers, and weeds The stand¬ 
ard way to make a lawn is to use a rotary 
tiller or a plow and a harrow to turn in the 
existing growth, and pulverize the soil for 
planting of grass seed. It is usually good 
practice to bury the old vegetation several 
weeks before planting. Decay of vegetable 
residues often temporarily deprives the soil 
of nitrogen to such an extent that the new 
crop cannot obtain enough for a start. Also, 
sprouts from roots of undesirable plants 
can be readily destroyed as they appear on 
bare ground, and can be reduced or elimi¬ 
nated before planting. 

A less expensive method, which is usu¬ 
ally satisfactory, is to pull out any brush* 
then mow the field repeatedly, ll may be 
reduced in one operation from field length 


to lawn length, then kept short, but better 
results are apt to be obtained from starting 
with a high cut as if for hay, and progres¬ 
sively trimming shorter. 

The effect of the cutting is to kill or place 
at a disadvantage plants that prefer to grow 
tall and to encourage those which are not 
damaged by mowing. Most fields contain 
enough lawn-type grass and clover to take 
over the whole area within a year when 
encouraged by repeated cutting. 

A similar effect may be obtained by 
moderate driving and parking of cars and 
trucks on the field. 

Field surface may be too rough for a 
lawn. Large inequalities may have to be cut 
or filled. Smaller ones can be rolled down, 
filled with dirt or both. 

A power lawn mower having heavy steel 
or rubber rolls will tend to flatten ground. 
Its effect is quite marked when inequalities 
are small and choppy and the soil is soft, 
and becomes negligible as the ground bakes 
in the summer. 

A steel wheel roller, weighing from three 
lo five tons* of the type used in driveway 
construction and blacktop patching is a 
very effective lawn llattener, but must be 
used when soil is in the right condition. If 
it is too soft, it will make ridges, and prob¬ 
ity get stuck. Heavy wet soils may pack 
so hard as to discourage growth. If the 
ground is too hard, it will be inefleetive. 
Heavier rollers are some times used, but the 
expense of transporting them and the dan¬ 
ger of sticking them is greater. 

Hollows may also be filled with topsoil. 
This may be applied in layers a quarter to 
half an inch thick so that grass will grow 
up through them* or the fill made to the 
level of the surroundings in one lift, then 
new seed planted where necessary. Some¬ 
times the seed is mixed with the topsoil 
prior to placing it. 

Fills of more than an inch or two on bare 
ground and any fill over grass tend to settle 
noticeably so that the work will require 
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doing over, although with less material, the 
following year. Over-filling enough to com¬ 
pensate for this settlement requires expert 
judgment. Firm tamping is sure to reduce 
this difficulty and may eliminate It, but 
might make it difficult for existing grass to 
push up through the new soil, 

Planting Grass. Soil should be loosened 
and smoothed before planting. If the area 
is too large for hand digging and raking, 
a rotary' tiller of appropriate size is the pre¬ 
ferred tool. A plow and a disc harrow, or 
a harrow only, followed by dragging with a 
plank will often do a good job. Fertilizer, 
lime, manure, peal moss, or other soil- 
enriching materials are best mixed in by 
hand or machinery. If the area is large, a 
spike tooth harrow can be used for both 
smoothing over the ground and covering 
the seed. 

After the machinery is finished, the 
ground is hand raked. This looks simple 
but is not. A certain knack is required to 
get a smooth surface. 

Soil acidity can be tested with litmus 
paper and color scales that are obtainable 
at garden supply and drug stores. Most 
lawn grasses like a pH 6. If the soil is pH 5, 
about 75 pounds of ground limestone 
should be added to each 1000 square feet. 
A pH of 4 will call for 100 to 200 pounds 
for the same area. 

Slaked or hydrated lime has a higher 
calcium content, 100 pounds of it being 
equivalent to about 135 pounds of ground 
limestone. Quicklime is still more concen¬ 
trated, but is inconvenient and dangerous 
to handle. 

It is good practice to add some fertilizer, 
but the amount varies widely with circum¬ 
stances and individual judgment. If vegeta¬ 
tion has been mixed into the soil within the 
last two or three weeks, cither on the spot 
or at the source from which it is being 
hauled, some nitrogen fertilizer must be 
added, to make up for that borrowed by 
the decay processes. In general, an addi¬ 


tion of a moderate amount of general ferti¬ 
lizer is cheap insurance for the work and 
expense invested in preparing and plant¬ 
ing the lawn. 

Any of the lawn seed mixtures are good, 
and the differences can be explained by the 
store selling them. A mixture should almost 
always be used instead of a single kind, as 
each variety has its own special and often 
obscure likes and dislikes in soil conditions. 
If several kinds are planted, there is a good 
chance one of them will like the circum¬ 
stances, and its vigorous growth will com¬ 
pensate for any sulking by other varieties. 

Seed scattered on the ground surface in 
very early spring may be worked under¬ 
ground by freezing and thawing so that no 
effort is required to cover. Seed lying on 
the surface will sprout and lake root suc¬ 
cessfully during a long wet spell, but hot 
sun at the wrong time may kill a large part 
of it. The safest procedure is to rake the 
ground after spreading seed. This will bury 
most of it, and recommended applications 
of seed make an ample allowance for that 
left exposed. 

The grass will come up faster and better 
if the ground is rolled lightly after seeding. 
This may be done with a muscle-powered 
lawn roller, a hand tamper, a power lawn 
mower of the roller type, or the smallest 
size of steel wheel gasoline roller. If the 
job is a rough one, driving a car or empty 
truck back and forth on it will give good 
results. 

Kroston. A sloping lawn is vulnerable to 
severe damage from flowing water from the 
time the topsoil is spread until the grass 
has made a good root growth. The prob¬ 
ability of such damage should be figured 
into cost estimates by both the owner and 
the contractor. 

Danger of erosion can be reduced by 
mixing straw or lawn clippings into the 
surface. This necessitates a heavy addition 
of nitrogen fertilizer, and makes it harder 
to cover the seed. 
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It b sometimes possible to divert drain¬ 
age into other areas. One section may be 
fixed tip and seeded first, and water routed 
through the part which is only rough 
graded. After grass b firmly established, 
drainage may be shifted to go over it, so 
the rough area can be smoothed and 
planted. 

Occasionally, it is possible to install tem¬ 
porary pipes or flumes to carry rain water 
while grass is getting a grip. 

Sod. Drainageways and steep slopes can 
be protected with sod. This is cut out of 
existing lawns or mowed fields by means 
of hand tools or a tractor-towed sod cutter, 
laid on freshly loosened and smoothed top¬ 
soil and tamped into firm contact. Et is 
sometimes fastened in place by driving pe^s 
or thin stakes, or by pegging chicken wire 
firmly over the whole area. 

Sod may be cut m strips 12 or IS inches 
wide and 6 to 10 feet long or in squares or 
rectangles of any convenient sbe, A depth 
of I Vi inches usually suffices to get prac¬ 
tically all the roots. 

It is essential that newly placed sod be 
thoroughly watered and tamped to estab¬ 


lish its contact with the ground. It should 
be watered as necessary until it shows that 
it can take care of itself. 

Home Games. Jf a house plot has suffi¬ 
cient area, the owner may wish some kind 
of a play court included in the landscaping 
plans. Tennis, badminton, and croquet are 
among the games in most common de¬ 
mand. 

I ennis and badminton courts may have 
the standard dimensions shown in Figure 
; and 7-7 or may be smaller or of some 
dilferent layout, to conform to restricted 
space, local custom, or individual prefer¬ 
ence. 

Grass blends in best with general land¬ 
scaping, but to give satisfactory results it 
must be well fertilized, protected from 
beetle grubs and burrowing animals, and 
frequently cut and rolled. Even with the 
best of care, it will wear bare in spots which 
have too frequent use, 

Chy, and various special materials 
w F hich give a similar surface, provide the 
preferred topping for tennis courts. How¬ 
ever, they require excessive maimenance in 
weeding, scraping, lining, rolling, and add- 
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mg of fresh material- Many of them can¬ 
not be played for some time after a rain. 
This last characteristic will vary with the 
type and condition of surface and efficiency 
of subdrainage, Idle clay courts require 
much more maintenance than well played 
ones. A good bituminous court is most sat¬ 
isfactory for occasional use. It should have 
a base course of crushed rock or good bank 
gravel. 

The playing surface should be nearly 
level If the topsoil is porous, and subdrain¬ 
age is good* it may be possible to have it 
exactly so. More often it is belter to have 
a slight slope, of W to Vz percent to a side 
or corner. Grades should be set by instru¬ 
ment. Particular care must be taken to roll 
or lamp any fresh fills to avoid an uneven 
surface after settlement. 

Even when surface drainage is provided, 
subdrainage is desirable to provide quicker 
drying and earlier usability after a rain. 
However, too good drainage, such as 
through a coarse gravel fill* might cause 
burning out of lawn in dry summers unless 
about eight inches of topsoil rich in humus 
Ls placed. 


Croquet is less rigid in its requirements. 
Two layouts are shown. The first. Figure 
7-& is the professional type, which is sup¬ 
posed to be on practically level ground. The 
other arrangement can be varied in dis¬ 
tances to suit the available space and pref¬ 
erences of the players, and can be played 
on sloping or irregular ground. In each 
case, grass is the preferred surfacing. 

A satisfactory court layout may be en¬ 
dangered by pulling the wickets to mow 
the grass. Replacements are seldom in ex¬ 
actly the same place, unless markers are 
used. The best markers arc 2x2 redwood 
or locust stakes about 18 inches long, 
sharpened at the bottom and drilled at the 
top with sockets which provide a snug fit 
for the wicket wire. These are hammered 
flush with the ground, and serve both as 
guides in placing wickets and as braces to 
hold them upright. Spools can be used in 
the same mu finer, but a re less salisfacEory 
and usually have to be replaced every year. 

TREE PROTECTION AND REMOVAL 

Trees arc liable to destruction or damage 
from various causes during construction 
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Pig. 7-8. Professional croquet court 

work. Trunks or branches may be broken 
or scraped by accidental contact with ma¬ 
chines; roots may be dug away by ditching 
or lowering of grade, lessening the tree's 
ability to obtain food and water and render¬ 
ing it more vulnerable to uprooting by 
wind; its trunk may die because of dirt 
piled around it, or its roots may be 
drowned or suffocated by placing of fill. 

In general, the larger and more valuable 
trees are less subject to fatal damage from 
collisions, although the scars they do get 
heal more slowly; but they are much more 
likely to die from root cutting or suffocat¬ 
ing than younger and more adaptable spec¬ 
imens. 

Bark Damage, Trees can be partly or 
wholly protected from collisions by wrap¬ 
ping with burlap or other cloth, and tying 
thin wood strip around the trunks and any 
particularly exposed branches. If used for 
anchors in pulling out machinery', trunks 
must have very heavy padding and thick 
wood pieces between the bark and the 
chain, and the chain Loop should be fas¬ 



Fig. 7-9, Croquet court, home style 

tened with a grab hook, bolt, or knot that 
will not slide. The choker effect obtained 
Jrom round hooks or rings can readily 
crush bark and wood all around a tree so 
that it will be fatally injured. 

If a tree is girdled by removing even a 
narrow ring of bark around the whole 
trunk, it is supposed to die. However, if 
the sapwood is not injured and the damage 
is kept shaded so that the wood will not 
dry out, young and vigorous trees may re¬ 
pair the cut by growing several inches of 
callus and new bark across the injury from 
top and bottom. 

If the gap is wide, a skillful worker may 
be able to graft strips of bark across the 
injury. If circulation is established through 
these, they will serve to keep the tree alive 
and they will widen out so that the damage 
may heal over entirely. 

Scars on trunks or branches should be 
promptly covered with black tree paint. 
This protects the tree from fungus and 
reduces the owner's annoyance about the 
damage. 
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Hitching. Ditching on one side of a tree 
ordinarily does mot injure it severely- How¬ 
ever, it is best to keep the cut as far from 
the trunk as possible, thus reducing the 
number of roots lost, minimizing the dan¬ 
ger of tearing the trunks and making the 
digging easier. 

If a hoe or dozer digs within two trunk 
diameters of the tree, the roots should be 
uncovered, and then cut by hand to avoid 
danger of splitting the trunk while tearing 
them up, 

A dose cut weakens the tree's resistance 
against a wind that tends to tip it away 
from the ditch. If uprooting in that direc¬ 
tion would cause it to fall on a building or 
across a highway, a tree expert should be 
consulted about the advisability of provid¬ 
ing cable support. Figure 7-10, or remov¬ 
ing some of the upper branches. 

Burial. A tree's reaction to having its 
trunk buried varies with its species, health, 
and nature of the dirt. Burial is fatal to the 
majority if the hi I is deep enough or of 
such a mature that it will smother the bark 
and support organisms which wilt destroy 
it 

The fill also changes the air and water 
content of the topsoil and subsoil around 
the roots. Such changes may damage or kilt 
the roots directly, or indirectly by changing 
the nature of the soil population. 

The best defense a tree can muster is to 
put out new roots near the surface. The 
willow docs this automatically, but the ma¬ 
jority of temperate zone trees do it with 
difficulty or not at all. 

Trunk damage can be avoided by build¬ 
ing a stone wall around the tree on the 
original ground, at a sufficient distance to 
allow free air circulation. See Figure 7-11. 
The space inside is called the well. Some¬ 
times the fill is made and part of it dug 
away by hand to make space for the wall. 
Or the wall may be built first, and the dirt 
placed around it. 

The first method is expensive and offers 



Fig. 7-10, Temporary irec brace 

some danger of damaging the tree with the 
digging tools. The second is subject to 
the danger of knocking over the wall while 
placing fill, or accidentally spilling dirt 
over it that will fill up the well, 

in general, the most satisfactory tech¬ 
nique is to build the wall first, and fill the 
well with easily removed material such as 
stones, wood scrap, or crumpled news¬ 
paper. Such items wifi prevent any appreci¬ 
able amount of dirt from entering the hole, 
and are easily taken out when grading is 
complete. 

Sometimes pebbles or crushed stone col¬ 
lars are used to avoid unsightly or danger¬ 
ous holes. These will usually allow suEli¬ 
de nt air circulation when new but are likely 
to plug up with dirt. 



in.* ' 


Fig, 7-11* Tree trunk protection in fill 
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The fill should be pervious enough so 
that water will not stand in it and in the 
holes- Tile may be laid to drain the tree 
wells, but a saturated fill is liable to kill 
the roots anyhow. 

Root protection is more complex and the 
results Jess certain. Land tile is laid on 
the old surface of the ground or slightly 
below it, with lines three to six feet apart. 
A four to six inch blanket of crushed stone 
is laid over the area and covered with hay. 
Pipe openings at each end of the fill or into 
wells should allow enough air circulation 
to preserve favorable conditions long 
enough to enable the tree to adjust to the 
changing conditions. Wire mesh must be 
placed across openings to keep animals out. 

If it is not economically feasible to take 
these precautions, the fill should be made 
of dean bank gravel or coarse sand. Trees 
may survive heavy additions of such open 
textured material. 

Removal. Landscaping work may in¬ 
volve removal of trees. If they arc to be 
destroyed the job resembles the land clear¬ 
ing described in another chapter, except 
that interference from buildings, wires, val¬ 
uable trees, and other obstacles is much 
more common. 

If the ground is to be filled, trees may be 
cut as nearly (lush with the ground as pos¬ 
sible, This may also be done if the grade 
is not to be changed and the presence of 
the stump is considered less objectionable 
than the cost of removing it. 

If the grade is to be cut, stumps must be 
uprooted. Trees may be pushed over by 
a dozer or pulled down by a winch and 
then cut up, or may be sawed or chopped 
down and the stumps removed afterward, 
A deep soil cut allows undermining of 
stumps and easier digging out. 

Uprooting the whole tree requires a 
machine of sufficient power to handle it, a 
clear space for it to fall, and working room 
for the machine. The trunk may split or 
be placed under such tension that it will be 


difficult to saw. Direction of fall can be 
rather closely controlled. 

When a tree Is cut it may be harder 
to control, the trunk should be intact and 
easier to saw, and the stump will be more 
difficult to remove, particularly if cut low, 

A dozer or shovel can knock out slumps 
within its size range, and dig out larger or 
tougher ones where space permits. Winches 
can bo stepped up with blocks to almost 
any desired power, provided anchors are 
available. Stumps can be split, loosened, 
or blown out of the ground by dynamite, 
but controlling or covering the blasts may 
be difficult. 

Damage to Properly. Property may be 
damaged by falling trees. It is often wise to 
measure them before felling to see if they 
have clearance. This can be most conven¬ 
iently done on a sunny day by setting a 
vertical stake, measuring it, its shadow, and 
the tree's shadow. See Figure 7-12. The pro¬ 
portion between the slick's shadow length 
and its height are used to figure the height 
of the tree from the length of its shadow. 
For example, if a four-foot slick casts a 
three-foot shadow and the tree shadow is 
sixty feet, the tree height is eighty feel and 
it will reach that distance when it is down. 

A false shadow" may be cast by a pro¬ 
jecting branch so as to exaggerate the tree 
height. True readings can be taken only 
from a shadow of the lop. 

It is often necessary to take trees down 
in sections, starting at the top. This is a 
job for specialists, 

When a tree or stump is uprooted near 
a curbing or other masonry, it is apt to pull 
it up or break it. This damage may be 
avoided by hand digging and cutting the 
roots on that side and pulling away from 
u, but it is often cheaper to break and then 
repair the structure. 

Direction of Fall. Unless a tree Is badly 
out of balance its direction of fall may be 
controlled by expert sawing and wedging, 
or by a line pulling it in the right direction. 
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The line should be fastened high, partic¬ 
ularly if its power is weak. Hand pull is 
not effective for large trees. 

Trucks or cars can be used for line pull, 
but the line may raise their wheels until 
they have a little traction. They may also 
stall at the critical moment. A way to use 
them Is to put maximum tension on the line 
white the tree is still sound and block the 
wheels to prevent rolling back. 

A taut line decreases the effort necessary 
to saw or cut on the far side of the tree, but 
makes splitting of the trunk more likely. 

A tree pulled by a line will start its fall 
in that direction, but will usually fall rap- 
idly enough to slacken the line, after 
which it might veer to either side. 

Any machine used for pulling over a tree 
should be out of its reach. The line may be 
passed through a pulley block or around a 
grooved stump to permit the machine to be 
off to the side. 

PLANTING 

Selection of Trees and Shrubs* A new 
house standing entirely in the open often 
presents a bare and unattractive appear¬ 
ance w hich can be relieved by proper plant¬ 
ing. Selection of suitable sizes and varieties 
may offer a knotty problem about which 
the grading contractor may be asked to 
offer suggestions. 

If enough bushes and trees are placed 
to completely relieve the bare appearance, 
the house is liable to disappear into a 
jungle within a few years. This danger can 
be lessened by selecting plants which arc 
slow growing or which respond well to 
suppressive pruning. Even if these pre¬ 
cautions are taken, the householder should 
resign himself to the periodic necessity of 
cutting, transplanting, or selling some of 
his prized vegetation in order to prevent 
crowding and to preserve view and health¬ 
ful conditions. 

Cost of planting increases spectacularly 
with the size of the units. As an example, in 



one locality white pines five feel high can 
be purchased growing in the field for a 
dollar each, or in nurseries for two or three 
dollars. Anyone with a strong back, a sharp 
shovel, and the use of a station wagon or 
convertible can transplant them himself. 
In the same area, white pines thirty feet 
high cost about fifty dollars in the ground, 
and transplanting costs range upward from 
three hundred dollars. 

Occasionally a nursery or farm with a 
surplus of large size trees will sell them at 
bargain rates. Because of the high cost of 
handling them, they are still very expensive 
by the time they are set in place. 

In most areas, a wide variety of trees and 
shrubs can be obtained and grown, and in¬ 
dividual preference and price govern selec¬ 
tion. Attention should be paid to the local 
prevalence of diseases or insects which may 
mar or kill the plant. Poplars and willows, 
which are desirable because of very rapid 
growth, should not be planted near tile 
drains as they Stave a disagreeable habit of 
filling them with roots. 

[f desirable plants are growing else¬ 
where on the property, or are available in 
the vicinity, the contractor may use his 
men and machinery in transplanting, by 
methods to be outlined later. However, be 
should not guarantee that they will survive 
as there arc many factors of soil type, 
drainage, and pests that may kill them even 
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Fig. 7-13, Balling a tree 


if he handler them skitlfully and which may 
not be obvious even to a specialist. 
Transplanting* Transplanting trees is a 
specialty best left to nurserymen. However, 
they may not be available when required 
so that the grading contractor may have la 
do the work to get them out of the way. 
Very small trees may be dug around 
with a spade and pried out: If the ball of 
earth attached to the roots hangs together, 
die tree may be curried to the planting 
space with one hand under the ball, the 
other on the stem. If the soil tends to fall 
away, it may be tied with burlap or shaken 
oil and the roots covered with damp ma¬ 
terial until planted. 


The very fine root hairs are vital to the 
life of a tree and they are quickly destroyed 
by drying. Either sun or wind can kill them 
in a few minutes, or sometimes even sec¬ 
onds of exposure. Transplanting is best 
done on cloudy days with little wind, or In 
rain or fog. 

Somewhat larger trees are handled as in 
Figure 7-13, A trench is dug around the 
tree, about four to six inches out for each 
indi of trunk diameter. Roots are cut off 
flush with the inner wall of the trench. Be¬ 
low the roots* which are usually shallow, 
tiie bail is undercut until the tree can be 
pushed over. A piece of burlap is folded 
accordion-fashion and tucked under the 
raised side of the ball. The tree is then 
leaned the opposite way* the burlap is pulled 
through under the ball and used to wrap 
it. The cloth is tied in place with heavy 
twine or soft rope and is planted with the 
tree. 

If the tree h too heavy to lift, it is dug 
around and undercut in the same manner. 
It is pulled over by a winch or block and 
full, A square wood platform, with a ring 
or other fastening for a tow line* is placed 
under the raised side and pleated burlap 
over that. 

Ihc ball is then rocked back onto the 
platform and wrapped with the burlap. 
One side of the trench wall is beveled off, 
skids are placed, and a tow line fastened 
to the platform and the ball. They may be 
dragged to a nearby destination, or winched 
up on a truck or trailer for a longer move. 
Fast transportation should be avoided be^ 
cause of the “burning” effect of wind on 
the leaves. 

Care must be taken to protect the bark 
against injury from attaching lines. The 
trunk or branch should be wrapped with 
burlap or other cloth, and flat sticks placed 
between that and the line. The line loop 
should not be a choker—that is, it should 
not tighten up under tension, 

Branches which interfere with digging 
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are tied up, or in toward the trunk, with 
soft rope. 

fn the new location dirt should be 
tamped firmly around the toots or ball and 
the ground thoroughly soaked. The dirt 
should come to the same height on the 
trunk as before, as the above-ground bark 
may rot if buried. If in doubt about the 
proper level, it is better to place the dirt 
too low rather than too high. 

The transplant may require bracing to 
keep it upright. Lines, from three to sit in 
number, are anchored to stakes driven 
firmly into the ground- They may be rope, 
wire, or cable. Chafing of the tree bark is 
prevented by wrapping it and passing the 
line through rubber hose at the point of 
contact. 

If a tree is transplanted from a shady 
to a sunny spot, or suddenly exposed to 
sunlight by the removal of surrounding 
trees, the trunk and larger limbs should be 
wrapped to prevent sunburn or sunscald. 

Trees and shrubs make most vigorous 
growth in a deep, rich topsoil. It is good 
practice to dig planting holes oversize to 
provide space for putting extra topsoil. 
This may be enriched by mixing with a 
little manure or fertilizer, but not enough 
to injure the roots. 

[f the planting is in a field where there 
is competition with other plants, the ground 
around it may be closely covered with 
scrap wood or stones. These will not inter¬ 
fere with the tree and will discourage other 
growth. 

Transplanting by .Machinery. Trees and 
shrubs of small to moderate size may often 
be dug efficiently by machinery. 

A bulldozer can cut trenches around the 
tree and push it and the remaining block 
of earth onto a skid or stone boat, or along 
the ground to its destination. A shovel 
dozer can get the bucket floor under the 
block and lift and carry the tree. The trunk 
usually has to be tied to the lop of the 
bucket, or held so that it will not fall for- 



Fig. 7.14. Transplanting tree with shovel 
dozer 

ward. See Figure 7-14 for this procedure. 

Dipper shovels can often take out good 
sized trees unharmed by either trenching 
or direct digging. Draglines and hoes are 
limited to trees short or flexible enough not 
to be broken by the overhang of the bucket, 
and some scarring of the trunk is to be 
expected. 

When conditions ate favorable, trees cun 
be machine dug at a fraction of the cost of 
hand work. Results may or may not be as 
satisfactory. Risk of damage is greater, 
except by the trenching method with a 
shovel dozer. 

Planting holes can be dug rapidly by a 
clamshell or hoc, and less readily by other 
machines. If the dug soil is poor, it should 
be removed and replaced with topsoil. 

Heeling In. It is often necessary to dig 
up small trees and shrubs before their new 
location is ready for them. They should 
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Fig. 7-15. Heeling in 


then be planted temporarily, a process 
known as heeling in. 

A trench b dug large enough to hold 
the roots and the plants are placed in it 
side by side or in groups. Enough dirt is 
shoveled or pushed over them to cover the 
roots, and the fill and nearby ground are 
thoroughly soaked. The stems may be up¬ 
right, or leaned over sharply as in Figure 
7-15* If the heeling in is to be for only a 
few days a shady spot is best. If for much 
longer; there should be little more shade 
than the species can tolerate in normal 
growth. The trench should not hold water 
for more than a few hours after a rain as 
the roots may die from lack of air. 

Large trees with wrapped balls of dirt 
can be left standing on the surface of the 
ground if kept watered and not subjected 
to much sun and wind. 

Delay between digging out and solid re¬ 
planting always harms a tree. Heeling in 
and other precautions serve to keep this 
damage to a minimum, but should never 
be regarded as good substitutes for prompt 
and direct installation in a permanent loca¬ 
tion. 

Transplants. A tree which has been 
transplanted before and has had a chance 
lo recuperate can be moved again with less 
risk and damage. This is largely because 


the long roots cut with the first transplant¬ 
ing are replaced by new growth dose to 
the tree, which are included in the ball or 
root mass that is moved with it the next 
time. 

When small trees are purchased from a 
nursery for planting in fields where they 
will have to struggle against the native veg¬ 
etation, transplants are usually a better in¬ 
vestment than seedlings of the same size. 
Their much higher survival rate more than 
compensates for their higher cost. On the 
other hand, if they arc to be set in beds 
where they will receive care, the seedlings 
may be the better buy. 

Another factor is that of height. While 
a small plant usually sustains less shock 
and damage from transplanting than a large 
one t there may be a critical factor of over¬ 
topping, If grass and weeds can grow over 
a little tree so as to cut off its sunlight, in 
addition to competing with its roots for 
nourishment, it starts out with two strikes 
against k. If it is tall enough to overtop its 
immediate neighbors, its chances arc much 
better, so that the tall seedling may make a 
better showing than the short transplant at 
about the same price. However, extra 
height which is not enough to get it to sun¬ 
light will not be of great value. 

An exception to the above discussion 
will be found in trees such as the beech 
and dogwood which thrive in shade. How¬ 
ever, these are not suitable for open field 
planting, 

Pruning. Some roots are always lost in 
planting from cutting olT, scarring, or dry¬ 
ing. Ihc remaining roots may not be ade¬ 
quate to supply water to the lree + and their 
ability to do so is further lessened by the 
disturbance of capillary water movement by 
the planting process. Shortage of sap may 
cause the tree to die* or may weaken it so 
that growth will be poor and it will be 
very vulnerable to damage from disease or 
weather. m 

If enough branches are cut to restore a 
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Fig, 7-16, Cutting large limb 


SECOND 


balance between the lop and the diminished 
root capacity, damage will be less likely. 
The type of pruning depends on the variety 
of plant, and its extent is determined by 
the amount of root loss, the amount of 
watering it will receive, and whether it is in 
shade or sunlight. 

Some plants will go into shock if pruned 
drastically. Others will be unfavorably af¬ 
fected as to ability to produce blossoms or 
fruit for the next several years, or will 
lose the pruned brunches because of in^ 
ability to start new buds in the stubs. Be¬ 
cause of the great number of plants and 
regional differences in their behavior, exact 
information cannot be given here, 

A young tree which is meant to grow 
into a tree shape should almost never have 
its central or top shoot cut. A new top will 
tirow from one or more side shoots* but the 
trunk will develop a permanent kink or a 
weak fork below the cut. 

Deciduous (broad leaf) trees and shrubs 
arc usually pruned at least in part by cut¬ 
ting back some or all of the branches. A 
very drastic pruning that will cause death 
by shock to some species involves cutting 
all limbs back to bare stubs. Less severe 
pruning may consist of trimming the ends 
which project too far t or removing whole 
limbs which are crowded or undesirable. 

The conifers—pines, spruces* hemlocks, 
etc.—usually die if they are cut back to 
bare stubs, and many of them cannot stand 
any genera! pruning. Leafage can be re¬ 


duced by taking out entire branches in 
places where others will till in the gaps, or 
by removing all the lower branches for 
several feet above the ground. 

Care must be taken in removing heavy 
limbs not to allow them to tear the bark be¬ 
low the cut. The three steps shown in Fig¬ 
ure 7-16 should be followed. The final cut 
should be as near to flush with the trunk 
as possible, and the wound should be cov¬ 
ered promptly with tree paint 

Watering, Watering a freshly trans¬ 
planted tree or shrub serves not only to 
supply it in such quantity that even injured 
roots can take up enough, but also settles 
the ground so that it will be better able 
to supply them with natural soil moisture 
afterward. 

In dry seasons watering should be con¬ 
tinued for days or weeks, depending on 
soil character and moisture, and the degree 
of adaption the tree makes to its new en¬ 
vironment. Watering may have to be re¬ 
sumed if extreme dry spells occur within 
a year or two of the planting. 

The tree should be set in a slight hollow, 
or a dike should be built around St to retain 
water. The hollow is preferable as it will 
catch rain also. 

Subdivision [Mauling. In real estate de¬ 
velopments, street grading often precedes 
the selling of the lots by some years. The 
appearance and value of the development 
can usually be enhanced by planting of 
shade trees immediately after road work is 
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completed, so that they can have maxi mum 
lime to grow. 

Unfortunately, trees planted in fields or 
freshly graded land usually do not prosper 
unless cared for, and neglect may cause the 
loss of most or all of them. However, there 
are planting procedures which will enable 
them to fend for themselves quite well. 

The trees should not be taken from 
dense woods or heavy shade* as sudden 
exposure to full sunlight is likely to cause 
burning and cracking of the bark. They 
should have adequate roots with wrapped 
balls of dirt. If they are not wrapped, they 
must be moved promptly from their 
original location to the new one, with roots 
protected from sun and wind. 

The tree locations arc indicated by stakes 
or other markers, set by instrument, meas¬ 
urement, or eye, 

A clamshell is used to dig the holes. 
Unless the dirt is very hard, a small size 
will be adequate. The hole is dug oversize 
in both depth and area for the tree to be 
planted, to allow for errors in calculation 
and for placing topsoil. The dirt is loaded 
into a truck and hauled away. 

If the trees to be planted do not have 
balls of dirt, the holes arc refilled with 
good topsoil. This can most conveniently 
be brought by track, picked out by the 
clamshell, and placed directly in the holes. 
The soil in the truck bottom which can¬ 
not be scraped up may be dumped at a 
hole, and hand shoveled in or left in the 
truck when it goes for another load. 

If the trees arc balled, sufficient topsoil 
should be placed in or beside the hole to set 
the tree properly. 

Dirt is lamped around the tree and water 
supplied in the conventional manner If 
there is any question about the quality of 
the topsoil, a moderate amount of manure 
or general fertilizer should be mixed in the 
surface before watering. 

The ground for several feet around the 
tree should then be covered with material 



Fig. 7-|7. Tree protection against sod 

that will prevent grass and weeds from 
competing with the tree for nourishmeni. 
When available, flat stones laid so as to 
overlap each other as in Figure 7-17 are 
the most effective cover. Scrap shingles or 
other flat pieces of wood are a good second 
choice. If neither are available any mulch 
or ground cover such as wood chips, hay* 
or leaves may be used. These last materials 
need to be placed in a layer four to six 
inches thick, and may require renewal after 
a few months or a year. 

It is a good precaution to guy trees 
against blowing over H but it may not be 
necessary if they are small or have heavy 
roots. 

Trees planted in this manner are sup¬ 
plied with adequate nourishment, and are 
protected against the competition of vigor¬ 
ous sod. 

DRIVEWAYS 

Most home landscaping involves plan¬ 
ning of a driveway, It may be a straight 
connection to a street a few feet away + 
or a long roadway involving considerable 
problems. 

Short straight drives can be as narrow as 
seven feet for use by passenger cars only* 
but eight feet is more comfortable. A long 
drive, one which is in a slot between verti¬ 
cal walls* or any drive which is to accom- 

3 *date trucks* should be at least ten feel 
width. Curves should be one to three feet 
ler than straightaways, the sharper turns 
requiring the greater wsdlh. 

Wherc possible* the entrance from the 
street should be flared wide enough to 
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permit turning into it from the near side 
of the street. An effort should be made to 
avoid entering the road through a deep cut, 
between large trees, or in or very near a 
curve, as any of these features add to the 
danger of accident, 

Hidchills* A long driveway of the farm 
or estate type may have to cross a hill slope. 
It is notched into it in the same way as a 
pioneer road. However* since it is a per¬ 
manent improvement which should have 
a pleasant appearance, special procedures 
are followed. 

Such a drive serves not only as an auto¬ 
mobile route but also as a drainageway. 
Unless diversion ditches are made above 
it, whatever water Hows down the slope will 
land in the driveway cot, and flow down it 
or across it. Unless an ample channel is 
provided* the drive may often resemble a 
stream bed. 

A driveway crossing the bottom of a 
long hillside should be fourteen feet 
w'ide T including the drive* shoulder, and gut¬ 
ter, but not the slopes. The gutter should 
be at least three feet wide and deep enough 
to carry all the water. It can be relieved at 
frequent intervals by diagonal cross drains 
to the lower slope. The drive cross-section 
may be crowned or sloped oppositely to 
the hilt, but should never slope with it. See 
Figures 7-18 and S-L 

The cheapest gutter is sod and it may 
hold on quite steep slopes if well estab¬ 
lished. Temporary diversion ditches can 


be made with a plow to keep much of the 
water off until it is well established. Stone, 
concrete, and blacktop are water resistant, 
but are subject to frost heaving unless on a 
stone or gravel base. 

The slopes of the cut and fill should be 
topsoilcd and seeded. They are often too 
steep for mowing. 

Garage Level* Driveways offer minimum 
trouble in use and maintenance if they are 
nearly level. Unnecessary expense and in¬ 
convenience may be caused by placing the 
garage so that grades are created or exag¬ 
gerated. 

If [he driveway is long* the garage should 
be at about the grade of the ground around 
its entrance after landscaping. If the drive 
is short, the garage should be at about 
street level, 

Jt is unusual for a garage to be higher 
than the grade around it* but it is very com¬ 
mon practice to place it under the house at 
cellar level In this case the driveway often 
must enter it through a deep cut bordered 
by sleep slopes or retaining walls* and usu¬ 
ally descends more or less steeply as well. 

A descending drive must level off several 
feet outside of the doors* and must not do it 
so abruptly as to cause a car's bumpers to 
scrape when entering or leaving. Extra 
width is needed between walls. One or 
more grating drains should be provided out¬ 
side the doors, with plenty of capacity. 
Drainage from a long drive or from the 
lawn should be diverted to other drains or 
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channels. Failure to observe both of these 
precautions; may result in a flooded garage 
or cellar. It is also necessary to keep the 
area clear of leaves and trash that might 
block the drain. 

If the drive is short. Its slope will be de¬ 
termined by the difference in level between 
the garage and the street. Driveways as 
steep as 30 percent grade are in use, but 
they are both difficult and dangerous. 

Any steep drive requires care in design¬ 
ing the vertical curves at each end so that 
the center of the ear will not scrape on a 
convex curve, nor its bumpers hit on a con¬ 
cave one. There should be a parking place 
which is moderately level if possible. 

In climates where freezing weather oc¬ 
curs, steep grades may become dangerous 
or impassable. If there should be a choice, 
a grade up to the garage is to be preferred 
to one leading down to it. In the former 
case, it is usually possible to reach the 
street, and the importance of getting some¬ 
where is usually greater than that of put¬ 
ting the car in the garage rather than leav¬ 
ing it at the curb. Also, drifting snow may 
entirely fill a cut to a low garage, from 
which it will probably have to be du* rather 
than plowed. 

Snuvi Melting. Heating pipes can be in¬ 
stalled under driveways, walks, and outside 
stairways to prevent snow and ice from 
resting on them. Cost of such an installa¬ 
tion is now between one dollar and three 
dollars a square foot of surface, and under 
many circumstances it is a worthwhile in¬ 
vestment. Operating expense is said to be 
only a fraction of the cost of shoveling or 
plowing. 

The preferred method is to lay wrought 
iron pipe or copper tubing in the pavement 
slab or immediately below it, and circulate 
an antifreeze solution heated by a heat ex¬ 
changer in the house steam or hot water 
boiler, it can be turned on and off by 
hand, or by automatic controls operated 
by the weight of the snow, or by its inter¬ 


ference with a light beam reflected ol! a 
polished surface to an electric eye. 

The system must have ample capacity t 
or will occasionally do more harm than 
good. If it does not quite keep up with the 
snowfall, at the end of the storm it may 
leave the area covered by a layer of slush, 
which might then be frozen by an extreme 
drop in temperature and kepi frozen until 
the weather wanned slightly. 

Anyone considering installation of this 
protection should consult some authority 
such as “Snow Melting 1 * by T. Napier 
Adlam (The Industrial Press, 1950). 

Turnarounds. A driveway which does 
not include a turning place requires that 
a car be backed out of it or into it. This 
is entirely impractical on long or curving 
drives, and is a nuisance and a danger in 
any case. Wherever lot size permits, a 
turnaround should be provided. 

The best way to lay one out is to have 
the people who are to use it make some 
trial turns, add a few feet to the space they 
require to allow for carelessness or a bigger 
car, and build the drive accordingly. If 
there is no opportunity to practice, any of 
the layouts shown in Figure 7-19 should 
prove satisfactory. 

Allowance should always be made for 
car overhang. This may be two feet front, 
up to four feet rear, and eight inches at the 
sides. It is desirable to have a curbing that 
will keep the wheels about a foot away 
from vertical walls to protect the car from 
scraping al the side. 

Extra space may be provided in a turn¬ 
around for parking, or to supply peace of 
mind to uncertain drivers. 

Surfacing. Four inches of good bank 
gravel, crushed rock, shell, or similar ma¬ 
terials should be stable enough for a house 
drive on well drained soil. Under average 
conditions six inches is safer, and when the 
ground is soft and wet, eight inches to a 
foot or more may be required. 

A stone fill underneath cm be used to 
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Fig* 7-19. Turnarounds 


reduce gravel requirement. Any flat Clones 
near the surface should be set on edge so 
that they will not rock and disturb the top 
dressing. 

If the driveway is long, it may pay to try 
to get by with a minimum depth and add 
more material to any soft spots as they de¬ 
velop. However, it is often necessary to dig 
away the softened gravel r as it mixes with 
mud underneath. If the driveway is short or 
the budget liberal it is good practice to put 
down a safe depth in the first place. 

Cinders should be used only for tempo¬ 
rary drives or as a base, as they break down 
under traffic and become muddy. 

These materials may be used for both 
the bulk and the surface of the drive, may 
be given a surface treatment or serve only 
as a base course. 

If used alone, varying amounts of dif¬ 


ficulty may be found with loose stones, 
gullies, dust, tracking small particles into 
houses and cars, muddy surfaces, ruts or 
mu dholes, or scattering on the grass, de¬ 
pending on the kind and quality of material 
used and the circumstances. 

Calcium chloride T either scattered on the 
surface or mixed in, will prevent the drive 
from becoming dusty f and will help to 
hold it against washing and scattering, It 
should not be used in the immediate vicin¬ 
ity of the house where it might do damage 
if tracked in. 

A thin layer of loose pebbles or fine 
crushed rock makes an attractive surface 
for light and slow-moving traffic, but scat¬ 
ters under fast traffic. Snowplows are likely 
to move a large part of it to the lawn. 

A thin oil may be applied to soak into 
the surface and bind it. This eliminates 
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dust and reduces erosion but might be too 
“dirty” for use on foot for some lime. 

Tar and asphalt preparations are avail¬ 
able which are spread on the surface and 
covered with sand or chips. They provide 
a surface which is hard and dean except 
under a very hot sun, are attractive in ap¬ 
pearance, and are dust-proof and erosion- 
resistant. The first application is usually 
short-lived unless the base is exceptionally 
rigid, as the thin layer tends to break up 
over any soft spots, Resulting holes can be 
filled with a prepared mixture or the whole 
surface can be scarified and retreated. 
Sometimes the holes arc patched and a new 
surface application made. In either case 
each treatment produces a stronger surface 
than the previous one. 

In many localities either cold or hot 
mixes of asphalt, sand, and crushed stone 
may be obtained. These are spread by hand 
shovels, rakes, and light machinery, and 
rolled with two to five ton rollers. Com¬ 
pacted thickness may be as little as one 
inch on a good base, or two and a half 
inches or more on a poor one. It is usually 
poor economy to place this expensive ma¬ 
terial on a soft or wet subgrade. When in 
doubt about the thickness required, the 


heavier layer is advisable. This surface is 
clean, hard, and Jong lived. 

Regular penetration macadam roads 
may be built of rolled crushed rock soaked 
after placement with hot tar or asphalt. A 
seal coat is placed over this, and sand or 
chips scattered to prevent sticking. This 
construction is chiefly used in areas where 
ready-mix is not available, or where the 
job is a large one. 

Bituminous pavement takes several 
months to reach full hardness. If laid in late 
autumn it may be severely damaged by 
careless snowplowing, and will be espe¬ 
cially vulnerable to breakage over soft 
spots in the base course. 

Curbing of masonry or steel strips pro¬ 
tects driveway edges. 

Reinforced concrete slabs should be 
about five inches thick for cars only, and 
about seven if heavy trucks must be car¬ 
ried occasionally. The surface layer can be 
tinted. 

Some economy can be found in building 
short straight drives of two parallel ribbons 
of pavement instead of a full width slab. 
The saving is not proportionate to the re¬ 
duced area because of the extra expense of 
forms or edging. 


AGRICULTURAL GRADING 


Need for Grading. It is often necessary 
or desirable to regrade land in order to use 
it for farming. In arid regions, Jand is 
leveled to permit even distribution of irri¬ 
gation water. In semi-arid climates, sloping 
land may be terraced to hold rainfall be¬ 
hind dikes so that it will soak into the 
ground instead of flowing off. 

Where the rainfall is adequate or exces¬ 
sive, terracing may be necessary to reduce 
washing of soil from cultivated slopes. 
Under any conditions of climate or soil, 
leveling may be desirable to allow use of 
large or high speed machinery. Alone or 


in conjunction with underdrainage it may 
increase yields by eliminating burning out 
of crops on ridges and drowning in hol¬ 
lows. 

Agricultural grading differs from other 
types of earth moving in the large areas to 
be treated in proportion to the money avail¬ 
able, the flexibility in engineering require¬ 
ments to suit conditions and cost factors, 
and in problems relating to the handling of 
topsoil. 

Cuts and fills arc typically shallow, ver¬ 
tical movement of soil is slight, and hori¬ 
zontal movement is relatively great. 
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Fig. 7-20. Terrace types 
TERRACING 

Terracing land is the grading process of 
interrupting slopes with ridges, channels, 
or benches, or combinations of them, in 
order to slow or stop the flow of rainwater, 
and to prevent harmful soil erosion. 

Terracing may serve to hold water on the 
slope so that it will soak into the ground; 
allow water to flow off it while keeping the 
loss of soil to a minimum, or to reduce 
slopes so as to make them more readily 
workable or irrigable. 

Terrace Types. Three principal types of 
terrace arc used. Each is constructed along 
level or contour lines. The ridge terrace, 
Figure 7-20 (A), is a ridge built of soil 
obtained from both sides. The channel ter¬ 
race, (B), is a ridge constructed of dirt 
from the upper side only, and the channel 
formed by this excavation is an essential 
part of the structure. The bench terrace, 
(D), has a stair structure with steep risers 
separating relatively flat cultivated areas. 

Ridge "and channel terraces are usually 
built with sufficiently gentle slopes to allow 
farm machinery to work along or across 
them. Best results are obtained if farming 
operations are done parallel with their cen¬ 
ter lines. 

Ridge Terraces. The ridge or absorptive- 
type terrace is used primarily to conserve 
water in regions of deficient rainfall. Each 
ridge serves os a dam for a pond, which is 
deepest in the excavated area immediately 


above it. Water may also be impounded in 
the trough formed below this ridge by bor¬ 
row of mater tab See Figure 7-21, 

A larger area and quantity of water can 
be held on slight gradients .than on steep 
ones, by any one size of ridge. Not only is 
more water retained per yard of dirt used 
in the ridge, but its distribution over the 
land is more uniform. 

Too great a depth of water may drown 
out crops immediately above the ridge. 

It is ordinarily not economical to con¬ 
struct terraces for water conservation alone 
on slopes over 3 percent, and structures for 
reducing soil erosion are more often of the 
channel or intermediate types. 

Overflow channels may be provided to 
carry off rain in excess of that for which 
the system was designed. These should be 
protected like channel terrace spillways, 
Channel Terraces. Channel or drainage- 
type terraces are essentially shallow diver¬ 
sion ditches which catch water flowing 
down a hill and lead it olf to drain age ways 
that have been protected against erosion. 
The channel depends on the ridge of 
excavated material for much of its capacity. 
Its grade is flat, or nearly so, so that only 
extremely fine soil particles can be carried 
by the water it discharges. 

Bench Terraces, The principal applica¬ 
tion of bench terraces in the United States 
is in connection with irrigation. If the origi¬ 
nal slope of the land is greater than that 
of the graded fields, each field will consti- 
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Fig. 7-21. Ridge terraces after rain 
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Lute a terrace* separated from fields above 
and below by com para lively steep slopes. 

Benches may also be node in steep culti¬ 
vated land by leaving narrow con lour strips 
in grass or other permanent vegetation. Soil 
washing from the wider strips between will 
be caught by the grass and will lend to 
build up the low side of the cultivated 
piece, while Its top is lowered by erosion. 
This process, often accelerated by plowing 
so as to throw dirt downhill, will ultimately 
result in gentle slopes separated by steep 
banks. 

This work is ordinarily done by farmers 
without assistance from contractors 

Surveying. A terrace system must be 
carefully surveyed and planned before con¬ 
struction siarts. 

The interval between terraces may be 
taken from the chart in Figure 7-22, or 
belter, determined after conference with 
soil conservation specialists. 

Stakes are placed from top to bottom of 


ihe field at the selected intervals. From each 
of these a level line is run the full width 
of the field or area to be processed. These 
lines, known as contours or contour lines,, 
will bend toward the high side of the slope 
in hollows and draws, and away from it on 
ridges. 

Each line indicates the location of a ter- 
race. However, sharp angles and extremely 
irregular lines are not desirable and can 
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often be reduced or eliminated by minor 
adjustments, as in Figure 7-23, Farming 
is simplified when adjoining terraces can 
be made parallel. 

If an angle in a gully is eliminated by 
moving the line downhill, the terrace ridge 
will have to be built higher above ground 
level to preserve its grade* and water will 
be ponded behind it. 

If the line is moved uphill to cut off a 
bend on a ridge p Ehc channel will have to 
be dug deeper to allow Row r of water 
through it. However, such a ridge may 
be used as a divide or drainage head, in 
which case little water will be present. 

Stakes are ordinarily used only for lo¬ 
cation guides, but may be marked with 
grades where the terrace is to be higher or 
the channel deeper than standard. 

It is desirable that the top of the terrace 
system be also the top of the drainage area. 
The top terrace should serve the same 
width of ground as those below it* If a 
larger Etrea must be served because of flow 
from higher fields* the channel capacity 
must be increased proportionately; or some 
other type of intercepting drain used. 

Grades. Ridge terraces usually have a 
level grade. 


Channel terraces may be level for the 
section most distant from the outlet, and 
slope increasingly to about a ¥x percent 
grade at the outlet. 

Drainage is normally from ridges toward 
hollows. 

Short terraces require less maintenance 
than long ones. 

Outlets. The discharge from a terrace 
should be into a waterway that is capable 
of carrying the water directly down the 
slope, without eroding. Shallow depressions 
carrying a permanent sod are often satis¬ 
factory. These should have enough drop 
from side to center to insure gathering of 
all w r ater discharged from the channels, 
but should not concentrate enough flow at 
the center to cause erosive velocities. 

The strength of the sod* as affected by 
fertilizing and grazing; and the condition of 
the soil will determine the maximum safe 
gradient for a meadow outlet. This is or¬ 
dinarily six percent or less. 

Sod should extend several feet above 
flow* lines on the sides of the waterway. 
Steeper or narrower channels may be pro¬ 
tected by ungrazed and uncut growth of 
grass, weeds, btishes + or trees. 

For extreme conditions, a channel pro- 
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tected with check dams (Figure 7-24) t 
pavement, or other artificial structures may 
be required, Steep banks require sod or 
artificial flumes for the terrace discharges. 

Permission of owners of land below the 
farm must be obtained if the terrace system 
alters the path or concentration of water 
on lheir properties. 

Outlets must be completed and pro¬ 
tected before terraces arc built. 

Construction, Terrace construction is 
primarily a matter of sidecasting. The work 
is commonly done with graders of either 
the powered or towed types. Bulldozers 
working at right angles to the terrace are 
also effective, particularly in the channel 
type. 

Belt loaders, of both standard and spe¬ 
cial terracing models, give excellent results. 

If the channel or cat depth Is greater 
than that of the topsoil, a barren strip will 
be left which will yield poor crops. This 
damage may be reduced by overcutting the 
channel so as to leave it below grade, and 
blading some topsoil from above to cover 
it. 

Maintenance. Terraces will serve their 


purpose best if plowing and cultivating is 
done along contour lines—that is, parallel 
with the terrace lines. 

A terrace can be enlarged by plowing so 
that dead furrows are in the channels and 
lands on the ridges, as in Figure 7-25. 

Any accidental blocking of a channel or 
damage to a ridge should be repaired im¬ 
mediately, as it might cause the terrace to 
fail in a heavy rain, with possible destruc¬ 
tion of the terraces below- it. 

GULLIES 

Characteristics. So far as this discussion 
is concerned, a gully is a drainage channel 
that has become so deepened or enlarged 
that its banks are unstable, and tend to 
extend destructively into surrounding land. 

Control of gullies is largely an agricul¬ 
tural problem, but may also be required to 
protect highways or structures. 

Gullies are a sign of the beginning of a 
new cycle of erosion which tends to dis¬ 
sect smooth slopes or high levels of ground 
into table-lands separated by steep walled 
channels or canyons. Unless controlled, it 
will eventually narrow such tables into 
peaks. Geologically, they are small exam¬ 
ples of the type of stream erosion which 
carves rising land into mountains. 

The new erosion eycle may be started 
by land rising so that steepening channels 
add to the velocity of (lowing water; by 
lowering the outlet of a stream with the 
name result, or by reducing the resistance 
to erosion or the land. 

Gullies are caused most frequently by the 
destruction of the vegetation which protects 
the land surface, although they may also be 
started by lowering of outlets, due to high¬ 
way or stream channel work, or land slips. 

Lhe majority of gullies contain intermit¬ 
tent streams which how only during or im¬ 
mediately after rains, or in wet seasons. 
Permanent streams are less often affected 
as their beds are unsuitable for agriculture. 
r are mosl a pt to be raised and choked 
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by silt deposits resulting from bad farming. 

Growth. When a slope is covered with 
vegetation, whether sod, bushes, or forest, 
rain water tends to move downward as a 
Slowing sheet, and is only gradually gath¬ 
ered in definite drain age ways. Its eroding 
action on the ground is slight as it is held 
from contact with the dirt and its velocity 
is lowered by stems and roots that form a 
protective mat. 

If the vegetation is removed by plowing, 
disking, close grazing, or fire, the water 
comes in direct contact with the soil and 
tends to remove the surface particles. This 
effect is usually rather uniformly distributed 
at first, and is called sheet erosion. It can 
be reduced to slight proportions by proper 
farming, including contour plowing and 
cultivating, and terracing or return to sod 
when necessary. 

Erosion is most active where the amount 
or velocity of water is greatest, or the 
soil is least resistant. Such places tend to 
wash out more than the surrounding area, 
and then, being lower as a result, will catch 
the runoiT from a larger area, increasing the 
quantity and velocity of water, and its 


eroding effect. The deepening of the chan¬ 
nel therefore tends to build up forces which 
will make it deepen more rapidly. 

In its early stages such a gully may be 
destroyed by plowing or harrowing, so that 
it is choked by clods and some of its water 
is diverted elsewhere. However, unless close 
growing vegetation is planted, or weeds 
allowed to grow, new storms will re-form 
the channel or create new ones nearby, 
and they may eventually become too deep 
to be choked by plowing or even to be 
crossed by a plow. 

Once a gully is formed it enlarges by 
three separate processes. One of these is 
channel erosion—the scouring action of 
the water deepening the bottom. This is 
accompanied by the falling in of the sides 
as they are undermined. 

The upper ends (heads) of gullies ad¬ 
vance into the land by waterfall erosion, 
both along the main drainage line and 
branches which are acquired. Subsoil is 
often less resistant to erosion than topsoil. 
Water pouring into the gully will cut it 
into steep banks, undermining the topsoil 
and causing it to fall. The impact of the 
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Fig, 7-27* Diversion of water from gully head 

waterfall on the bottom gouges holes which 
accelerate channel erosion. 

Waterfall erosion usually produces a 
gully with a U cross-section. It becomes 
less active as it approaches the head of 
drainage and the quantity of water is re¬ 
duced. 

ff the subsoil is equal or superior to the 
topsoil in resistance, waterfalls will not 
develop, but the gully can progress by ex¬ 
tensions of channel erosion. 

The third major factor in extending gul¬ 
lies is sloughing off of soil due to alternate 
freezing and thawing, or following satura¬ 
tion by heavy rains. This process is most 
active on southern and eastern slopes, and 
will eat through a field with little regard 
to slopes or drainage lines. 

Continued progress of either waterfall or 
sloughing erosion depends on sufficiently 
active channel erosion to remove the loos¬ 
ened dirt. 

Once ivell established, a gully will con¬ 
tinue to enlarge even if the surrounding 
land is planted in erosion resistant vege¬ 


tation, as the head and side slopes will 
undermine the surface. 

A gully may advance downstream by 
channel erosion. More often, it deposits 
debris in a delta fan at or near in its mouth, 
so that the land is built up. This process 
is destructive also as it buries topsoil under 
subsoil. 

Damage. The damage from gullies in¬ 
cludes actual destruction of farm land, 
cutting up fields so that they cannot be 
worked economically, lowering the w r ater 
table so that crops dry up, undermining 
buildings, roads, and bridges, burial of 
lower lands under barren subsoil, and chok¬ 
ing of streams with silt. 

An individual gully can do damage 
amounting to many thousands of dollars, 
and the national loss from them is in the 
hundreds of millions. Their control is there¬ 
fore of great importance, 

CONTROL 

Control measures after gullying has 
started may include diverting water to 
other drainage ways, planting, breaking 
down walls, building check dams, and 
proper use of the affected land. 

Diversion. Water entering the gully can 
sometimes be diverted by plowing an arc 
around its head, as in Figure 7-27 (A). 
The slice should be turned toward the gully 
to make a dam to back up the furrow. 

More often it h necessary to build dams 
or to dig ditches. Darns are safer^ as a 
new ditch or even a plow furrow may start 
a new gully, unless watched and controlled. 

^Vhcre diversion is not practical, water¬ 
fall erosion may be checked by conducting 
the water into an overhanging pipe or 
flume, as in {B) + 

[f water can be permanently diverted 
from a gully, the walls will eventually break 
down into stable slopes, which will be cov¬ 
ered and held by volunteer vegetation. 

Flan Ling, A gully may be checked by 
planting. Small ones are best broken down 
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and planting with pasture grass; larger ones 
are belter handled with shrubs and trees. 

The plants should be of types that can 
grow well in poor soil, have extensive root 
systems, and will not be injured by partial 
burial. If the ground is damp most of the 
year, willows arc probably the most effi¬ 
cient, particularly as they will grow from 
poles or logs secured horizontally in the 
floor across the direction of flow, thus pro¬ 
viding mechanical control while roots and 
stems are sprouting. 

Black locust grows vigorously in poor 
soil, has a widespread root system, and 
yields a crop of fence post material* Many 
of the pines do welt in barren soil but their 
roots are not as strong. 

Vines such as kudzu and honeysuckle 
are used successfully. 

Whatever plants are chosen, enough soil 
should be loosened to give them a good 
grip. Whenever possible, fertilizer, manure, 
or topsoil pockets should be provided to 
give them a good start. Animals should be 
fenced out of the area. 

It is usually not practical to plant very 
steep walls. When vegetation is growing 
well on the bottom, soil caving from the 
walls will be held so that the slopes will 
gradually become less abrupt, and will 
allow growth of self-seeded ptants. 

It is often necessary to divert water or 
to reduce its velocity in the channel before 
planting can be successful. 

Breaking Down Walls, The healing of a 
gully scar can be greatly accelerated by 
break]ns down the walls into slopes gentle 
enough to support vegetation. When prac¬ 
tical, it is desirable to have the slopes such 
that farm machinery can cross them in any 
direction. 

Very small gullies can be broken down 
with plows and other farm implements. 
Somewhat larger ones can be reduced by 
graders or angte dozers working parallel 
with the edge. Big ones require dozers push¬ 
ing the bank more or less straight,into the 


gully, or a dragline pulling it from below. 

Gullies may be of such large size- 
depths of fifty feet or more—that it is not 
economically practical to grade them in 
even with the largest machinery. 

The new slopes produced are planted in 
somewhat the same manner as road banks. 

Check Dams. In order to obtain per¬ 
manent control, it is usually necessary to 
slow, stop, or reverse the process of chan¬ 
nel erosion. An actively cutting channel 
will steepen and undermine its banks and 
the new grading or planting they support. 

A channel interrupted by dams or other 
obstacles will lend to silt up to a higher 
gradient, reducing the height of its walls 
and encouraging plant growth. 

If flow is only occasional, dose plant¬ 
ings of bushes in the channel and on its 
banks may be sufficient. These arc often 
planted in lines across the gully, and pro¬ 
tected against washing out by wire stretched 
across deeply driven posts. 

Sod, combinations of cut brush and wire, 
or stone or togs, can be used in building 
check dams. Some constructions arc shown 
in Figure 7-28. 

In general, any structure which water can¬ 
not gel under or around, which is tight 
enough to prevent dirt from going through 
it, and is strong enough not to be washed 
out. will serve as a check dam. 

IRRIGATION SYSTEMS 

The design of an irrigation system is 
an engineering problem out of the field 
of this book. It is in order, however, to 
mention briefly some of the factors. 

Welts. Water may be obtained from wells, 
occasionally by natural flow but more often 
by pumping. Such water, if used in the 
immediate vicinity. in% r olves minimum pip¬ 
ing and distribution difficulties. The most 
serious problem is the likelihood of using 
too much water, so that wells must be 
deepened or new ones drilled to keep in 
touch with the falling water table. In many 
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Fig, 7-2S, Gully check dams 


localities such over-pumping will eventually 
reach sally or alkaline water unfit for agri¬ 
culture. 

River water may be pumped up to the 
land to be benefited, but more often flows 
onto the land from a higher point in the 
river, A ditch or canal is cut from the 
stream, and run horizontally or with a 
very slight gradient along the side of tile 
valley. The land between the canal and 
the river is irrigated by gravity flow from 
the canal into ditches, and from them 
onto the fields. 

Most rivers have a wide variation in 
level so that such a canal might be subject 
to being left dry at limes and flooded out 
at others, A more constant level can be 
obtained by damming the stream below 
the canal entrance to keep the water high 
enough to enter it, and by providing gates 
and a protective dike to prevent flooding, 
A dam and control gates above the inlet 
will permit regulation of the river level and 
inflow. 

In dry climates streams may flow only 


during the winter and spring or in occa¬ 
sional floods. Water from such a source 
may be useful for crops which will ma¬ 
ture in the wet season or as a supplement to 
water obtained from wells, but the cost of 
handling it may not be justified, 

Rescrvcilrs* Such streams may be utilized 
by building one or more impounding reser- 
^irs upstream. These will permit storing 
the heavy flow of some months to be re¬ 
leased in drier periods. Large reservoirs of 
this type may be ideal sites for hydro¬ 
electric plant s, as the irrigation water can 
He used to turn turbines on its way through 
the dam. 

Most of the large irrigation systems of 
the United States depend on storage reser¬ 
voirs. 

Lakes may be used as sources of water. 
It may be pumped up onto adjoining land 
or conducted through siphons or canals to 
lower land. Occasionally, a lake may be 
tapped by means of a tunnel and used 
for stream regulation in (he same wav as an 
artificial reservoir. 
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Sediment, Direct river flow into an irri¬ 
gation canal carries varying quantities of 
sediment with the water. The Rat gradients 
and slow motion of the water in the system 
will cause extensive silting, which will ulti¬ 
mately reduce water capacity, may cause 
continuous trouble in operation of gates 
and other devices, and will clog pipes. The 
design should lake this quality of the wa¬ 
ter into account. Very dirty water requires 
oversize waterways, steepened gradients, 
particularly in pipes; cleanout traps or 
flushing devices for pipes, and access to 
ail ditches for cleaning by machinery or by 
hand. 

Upstream reservoirs catch most, or 
sometimes all, of the nonsolubie sediment. 
Any residue may be stiil further reduced 
by settling basins. 

Dirty water has certain advantages, In 
most localities it is good for the land, carry¬ 
ing topsoil and minerals which help to re¬ 
place natural losses. It also tends to seal 
leaks in canals and ditches so that wastage 
by seepage is reduced. 

(is disadvantage is the greatly increased 
denning and maintenance work required, 
which is so important a problem that most 
irrigation engineers will secure dean water 
whenever possible. 

Canals. The main canal may be an un¬ 
lined ditch or a ditch lined with special 
impervious soils or a concrete or other arti¬ 
ficial lining. If it is carried well below 
natural grade at any point, it is customary 
to use a lined tunnel or concrete pipe at 
such a section. 

The un lined ditch is the most economical 
to construct, and may be used where soils 
are impervious, where the water carries 
enough sediment to seal leaks, or where the 
supply of water is so large that seepage 
losses are less important than the expense 
of preventing them. 

A ditch may be lined, either in sections 
or as a whole, by placing a layer of clay or 
impervious silt on the bottom and sides. 
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Fig. 7-29. Concrete lining in irrigation canal 


This may be placed in a dry ditch, or fine 
clay may be added to the irrigation water 
until it has coated the canal. 

A ditch must have bank slopes wliieh 
will not cave or slump into the water. 
Vegetation may be used to hold dirt banks 
and will permit steeper slopes, but its con¬ 
sumption of water is often excessive. Banks 
should be protected from erosion by sur¬ 
face water. 

Concrete lining is expensive construc¬ 
tion, and if properly done is most satis¬ 
factory. Such leaks as occur will generally 
be localized and comparatively easy to 
find and repair. 

Damage from leaking canals is not con¬ 
fined w the water loss and the breaking 
down of the canal structure. Farm land 
near the leaks may be rendered unusable 
by excessive water and resulting alkali de¬ 
posits, unless subdrainage is provided, 

Pipes, Either ditches or pipes may be 
used to distribute the water from the canal. 
Ditches are more economical to construct, 
but cut up the land, are expensive to main- 
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Fig, 7-30. Damage io land from canal 
seepage 


tain* form breeding spots for insect pests, 
are a hazard For children, and may allow 
substantial water losses by seepage and 
evaporation. 

Pipes may be concrete, glazed tile, iron 
or steel* or composition. The first two 
sometimes separate at the joints when filled 
with cold water, either after lying empty 
or being used to carry warm water. Iron 
pipes may corrode rapidly due to alkalies in 
either the soil or the water. 

Various methods have been developed 
of joining concrete and of treating iron 
pipes, which reduce the difficulties men¬ 
tioned, On the whole, pipes require less 
maintenance and w r aste much less water 
than ditches. However, they must be laid 
on steeper grades to prevent silting. If 
they become blocked, they are very ex¬ 
pensive to clean. 

Large farms or ranches may control an 
entire irrigation system, but water is usually 
distributed lo a number of users by a water 



Fig. 7-31. Direction of irrigation 


district or other government agency, or 
by a water company. One water gate or 
weir h usually provided for each land unit, 
and distribution within that unit is cared 
for by the farmer himself. 

This may be bandied by running a pipe 
line along one edge of the field, with stand- 
pipes and valves at ten to twenty foot 
intervals. If the field is long several dis¬ 
tribution lines may be used, connected by 
a main. 

Ditches may be used instead of pipes 
but they require more maintenance and 
may interfere with tillage. 

"hie "direction of irrigation” is the direc¬ 
tion the water flows on the surface of the 
field from the distribution pipe or ditch, 
ft is generally at right angles to the pipe, 

LAND LEVELING 

Slope Patterns, Land leveling may be di¬ 
vided into six classes, according to the 
result obtained. These are: 

L Spot grading. 

2, General downward slope away from 
water supply—for sprinklers. 

3* Uniform grade an direction of irriga¬ 
tion, 

4. Uniform grade in direction of irriga¬ 
tion and at right angles to it. 

5. Uniform grade in direction of irriga¬ 
tion and exact level at right angles to 
it. 

6. Exact level. 

Spot grading consists in removing humps 
or Idling hollows, without establishing a 
uniform grade in any direction, it is some¬ 
times done in advance of better leveling 
for irrigation, and is of general use to make 
possible faster tillage and more even pro¬ 
duction. 

ff water distribution is to be by means 
of sprinklers* perfectly uniform slopes are 
not required. For water distribution, it is 
only necessary that the land have a general 
slope down from the source of water. In 
climates where deep freezing of soil occurs, 
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the slope should be uniform enough to 
make possible drainage of sprinkler pipe 
laid at a fairly regular depth. 

When the water reaches the individual 
ptants by flowing on the surface of the 
ground, it is necessary to have an almost 
uniform slope in the direction of irrigation. 
The steepness of slope may be determined 
by the character of the soil, the crop to be 
planted, the original grade, and the rate 
of water use. 

Economies may be affected on many 
plots by leveling only in the direction of 
irrigation, and following the original profile 
at right angles to it. This type of job is used 
chiefly in orchards which can readily be 
cultivated into ridges that will regulate 
water drifting across the field. 

Choke between the fourth and fifth 
method will depend largely upon economies 
in working over the natural grade. In very 
hrge fields, the two-way slope will facili¬ 
tate movement of water through the cross 
distribution pipes. The cross grade should 
be so slight that even light ridging will 
prevent sideward drift of the water. 

Entirely level plots are usually limited 
to rice fields, and alfalfa and other crops 
which can tolerate Hooding. 

Plow and Absorption* The rate of water 
flow and absorption should balance so that 
water will reach the lower end of the slope 
in sufficient quantity for the crop, without 
flooding or running olf. In practice, this 
balance may be difficult to achieve, and 
provision is made for draining off excess 
water when necessary. 

Increase of gradient will accelerate the 
flow and decrease the rate of penetration, 
Light sand or gravel soils absorb water 
rapidly and require steeper grades than 
clay, which may be almost waterproof un¬ 
less freshly loosened. 

The maximum gradient would be below 
that which will cause the soil to w r ash and 
gully during irrigation or heavy rains. The 
minimum is flat. 
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Fig. 7-32, One-level and bench grading 

I! the maximum practical gradient is not 
sufficient to move the water the length of 
the field, additional distribution lines can 
be installed. Very porous soils require pipes 
and sprinklers. 

Figuring Gradients. Earth moving should 
be kept to a minimum to save money 
and to conserve topsoil. If conditions justify 
the use of any one of several slopes, the 
one will be chosen which conforms most 
closely to the natural topography. 

If the steepest possible gradient is so 
much flatter than the original grade that 
excessive earth moving will be required, be. 
cause of deep cuts at the top and high fills 
at the bottom, the field may be divided into 
two or more levels or benches. These will 
have the desired slope and will be separated 
by steep banks, A separate water line is 
required for each bench. 

The high comer or end of the field must 
be below" the level of water in the ditch 
or its head in the standpipe. 

The new gradient must usually be placed 
at a level, or levels, where cut and fill will 
balance, as cost may be greatly increased 
by bringing in borrow or dumping surplus 
soil. After the surrounding areas arc largely 
under cultivation, borrow or disposal might 
not be possible. Occasionally, special cir¬ 
cumstances, such as nearby channel or road 
construction, might make transfer of ma¬ 
terial profitable. 

Topsoil is not a problem in many arid 
valleys where soil is fertile to a considerable 
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depth. However, when topsoil is thin and 
rests on layers of soil which are infertile or 
hard lo work* or when the surface soil 
difTers sharply in character from that under¬ 
lying it, the cuts should be kept shallow. 

Stakes. Stakes set in a square grid at one 
hundred foot intervals, and on high and 
low spots, are used in measuring the origi¬ 
nal surface and for marking the new grade. 
One or more bench marks are set outside 
the grading area. 

The new grades are marked on the 
stakes in any convenient manner. On fills, 
time may be saved by tying strips of cloth 
on grade ]ines to enable operators to see 
them without getting off their machines. 
Where soils are loose, two slakes may be 
used to advantage—one hammered down 
to ground level, the other left to project 
two or more feet. Cut and fill are figured 
froni the top of the lower stake and marked 
on the upper one. 

Clearing. Much of the growth in arid 
regions is of light and brittle character 
which breaks up during grading and mixes 
with the soil, and has value as a binder and 
a source of plant food that is more im¬ 
portant than the slight difficulties it causes 
during finishing. This group includes the 
various kinds of sage, tumbleweed, and 
many of the smaller cacti. 

However, larger shrubs and trees such 
as mes quite, grease wood, and acacia, the 
presence of which often indicates good 
soil, are tough and deeply rooted and their 
removal requires heavy machinery. In thick 
stands of these plants clearing is more ex¬ 
pensive than grading. 

Such growth can usually be piled and 
burned immediately after removal. The 
leaves and sapwood are resinous and the 
dry soil sifts out of the piles so that they 
hum readily. Heavy trunks are more diffi¬ 
cult to ignite, and if only a few are present 
it may be cheaper to haul them to a dump 
than to tend the fiie long enough to con¬ 
sume them. 


Savings may be effected by cutting the 
trees flush with ihe ground wherever the 
fill will be deep enough to permit tilling 
over them. However, this h not recom¬ 
mended as it will prohibit the future use 
of .pan breakers or other deep tillage tools, 
and will add greatly to the expense of 
installing underdrains if they should be¬ 
come necessary. The same objection ap¬ 
plies to burying logs in the fills. 

Wind Damage. Clearing and grading 
should not be started until irrigation water 
is available. The native vegetation, even 
when very sparse, has some power to break 
the wind and hold the soil. The weathered 
ground surface usually has a crust which 
resists wind scour. These natural protections 
are destroyed by the work, and unless wa¬ 
ter can be put on and a holding crop 
started immediately, the best part of the 
soil may be blown away or piled into dunes 
that may be more costly to level than the 
original surface. 

\ftrind damage during the work may often 
be avoided by choosing a season in which 
windstorms are infrequent. If this is not 
possible* the final leveling and planing 
should follow immediately behind the 
rough grade, as a perfectly smooth surface 
is much more resistant to scour and dune 
formation than one having ridges or tracks 
of machinery on it. 

If such a planed surface becomes rough¬ 
ened by wind, it should be replaned before 
ihe next storm, and kept flattened until a 
crop can be grown. 

Machinery. Dozers are used to clear, to 
take the tops off ridges and dunes, to 
bevel steep slopes, and to liiJ in pits; for 
cut and fill work on short pushes, and for 
pusher work with pans. 

A drag levcler can be used to smooth out 
rough spots wherever ii is possible to walk 
ihe tractor over them. It can transport soil 
long distances, although its efficiency di¬ 
minishes rapidly over two hundred feet. 
As compared with the dozer, it has the 
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advantage of making a wider cut, with 
little tendency toward scalloping, and has 
a greater transporting capacity and speed. 
As compared with pans, it has greater 
stability against overturning, smooths a 
wider area with each pass, cuts down and 
fills more quickly, and can be dumped 
promptly if the tractor gets stuck. It has 
a smaller transporting capacity and gener¬ 
ally will not make as smooth a grade. 

On any large area, the bulk of the dirt 
moving is most efficiently done with scrap¬ 
ers. Because of the width of most of these 
grading jobs, and the small slope of the 
land, these can be used in almost any pat¬ 
tern preferred by the foreman or operators. 

Grading, One technique is to produce a 
rough finish grade in the high corner of the 
Jicld and to expand this grade as continu¬ 
ously as possible. Where necessary, spot 
grading operations are done beyond this 
area in order to secure fill or to dispose of 
surplus. 

Economics may be effected by loading 
the pans toward adjoining depressions so 
that the soil pushed along in their efforts 
to load will fill them. If"the soil is very 
loose, this may be more important than 
loading in the direction of the dump, but 
it is often possible to do both. 

Fills are usually made in thin layers in 
order to get maximum compaction from 
hauling equipment, as rollers are seldom 
used. Tamping rollers will produce a more 
permanent grade where fills of more than 
a foot or two are required, but close com¬ 
petition for the work may not permit the 
necessary increase in price. 

Rough graded sections may be settled by 
Hooding before doing finish work. 

It is often possible to keep the short 
range equipment, dozers and drag scrapers, 
working all the way through the job if the 
area contains a number of adjacent humps 
and hollow's. The drag level can also do 
the light finishing more economically than 
the pans. 


Finishing Off, As soon as any consider¬ 
able section is rough finished, grades are 
re-checked and additional stakes may be 
placed. These can be on fifty foot centers 
both ways, or fifty feet one way and a 
hundred the other, or at the intersection of 
diagonals across the original squares. Any 
changes of grade necessary at this stage 
can usually be made by the drag level. 

ff a small error has been made in 
balancing cut and fill, the gradient in the 
lower part of a field or bench may be in¬ 
creased or decreased slightly to change the 
quantity needed to balance. Large errors 
may require lifting or lowering the whole 
field, or one of its benches, or making ar¬ 
rangements for disposal or borrow outside 
the plot. 

When the entire field, or a large section 
of it. has been brought as near the finish 
grade as is practical, all slakes are removed 
and the job finished with a land plane. 
This will flatten ridges and hollows around 
stakes, plane off spill windrows, piles, and 
track marks, and even off local inaccuracies 
at hitting the grade. 

Planing also serves as a maintenance 
operation and is sometimes repeated after 
each harvest. 

Distribution pipes are usually laid im¬ 
mediately after completion of leveling. 
Ditches should not be dug until the pipe 
is on the job, as drifting soil can fill them 
very rapidly. It is usual to lay and cement 
the pipe, to partially cover it by hand, and 
to allow it to cure. This fill is removed by- 
hand where standpipes arc installed. The 
ditch is then buck filled and graded over by 
machinery. 

IRRIGATION DRAINAGE 

Alkali. All soils contain some salts, both 
in soluble and insoluble forms, and these 
are necessary for plant growth. In rainy 
climates the soluble salts tend to be leached 
out of the soil and carried away in under¬ 
ground water about as rapidly as thev are 


7*39 


IRRIGATION DRAINAGE 


formed from insoluble forms by plant ac¬ 
tion or weathering. 

In dry dimales where there is not suffi¬ 
cient rain to leach them effectively, they 
accumulate in the soil, accounting for the 
great richness and productivity of the land, 
However, in hat low areas and some other 
places the salts, then known as alkali, may 
be concentrated so heavily that they kill 
plants instead of aiding them. Alkali may 
also appear as a surface crust where ground 
water comes to the surface and evaporates, 

L ndergmund Pools, Where soaking 
rains are rare, natural underground drain¬ 
age tends to be poorly developed or non¬ 
existent. If such an area is irrigated, water 
absorbed in excess of that required by the 
crops will accumulate in a stagnant under¬ 
ground pond whose lop may rise close to 
the surface. 

This water will dissolve minerals on its 
way down and while lying underground, 
and usually becomes so alkaline that it 
injures or kills plants which absorb it. If 
it does not become loaded enough to do 
this, it still may injure plants by drownins 
their lower roots. Also, when the water 
table is near enough to the surface so that 
capillary attraction will lift it to the surface 
—a short distance for light soils, a long 
one for heavy—its evaporation will form 
an alkali crust. 

When such a stagnant or semi-stagnant 
pool forms, the land above it usually be¬ 
comes unfit for crops l and even if irrigation 
is slopped and the water slowly drains 
away, the alkali deposits in the soil may 
render it unusable. Artificial leaching would 
re-establish the underground water. 

Drainage. The area can usually he put 
back in production by the installation of an 
adequate sysiem of drains. These will serve 
to lower the water table below the trouble 
line, or to give the water enough flow 
toward the drains so that it will not stay in 
the soil long enough to become alkaline. 

Such drains are preferably deep, six to 


seven and a half feet being usual, and 
spaced from 75" to 800 r . Close spacing is 
for impervious soils, wide for pervious 
ones. However, for sub-drainage purposes, 
the porosity of the soil cannot be judged 
from casual inspection, or even by analysis 
of samples. Heavy impervious clays often 
respond readily to tiling, because they arc 
filled with fissures, either open or sand 
filled, which conduct the water. Many 
really tight soils will not require drainage 
because of their refusal to absorb the irri¬ 
gation water. 

Some irrigated lands axe composed of 
alternating layers of heavy and porous soil, 
which are in the form of lenses tapering 
to nothing on each end, so that natural 
drainage must move through both types of 
soil. Ditching cuts and drains the porous 
lenses. 

The file lines which do most of the work 
of draining are called laterals, and the 
larger pipe into which they empty is called 
the base line. Four or five inch laterals 
and six or eight inch base lines are usual. 
Sizes are ordinarily much smaller in pro¬ 
portion to acreage than in non-irrigated 
fields, but layouts are similar. 

If the excess water is leaking from an 
adjoining canal, the intercepting drain 
should be placed parallel to the canal, at 
a distance of fifty to seventy feet. Water 
may leak under it if it is too close or 100 
shallow. 

h is best practice to lay all drainage 
tile on gravel, and under tar paper and 
gravel, as described in Chapter 5* as the 
effeclive life of the system will be many 
times that of plain tile. Since tiling is 
generally done in saturated land, a file 
box should be used to avoid danger of 
eavoins. 

Lcat'liing, After a field is subdrained, 
alkali can be leached out of it by repeated 
soaking with irrigation water. This dissolves 
tlie chemicals and removes them through 
I he tile lines. 
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Piuneer Ronds. Pioneer roads are access 
roads built along the route of a high¬ 
way, pipeline, or other heavy construction 
project to allow the movement of equip¬ 
ment to and between different sections of 
the job. If such a road is required, it should 
be the first work undertaken; and any 
delays in cutting it through will slow the 
starting of the job and may keep men 
and equipment idle. 

It is best to locate it sufficiently to the 
side so that it will not be blocked or cut 
off by the main work, and if it must cross 
the construction strip, it should do so 
where it is dose to grade. 

The importance of the pioneer road de¬ 
creases as sections of the main road be¬ 
come passable for trucks, but it often re¬ 
tains at least emergency or detour value 
until the job is finished. 

If it is to be used only for moving in 
equipment* it may be narrow, crooked, 
and steep for the sake of economy or haste. 
Specifications written, and the route sur¬ 
veyed or walked through for it, serve as 
guides rather than instructions, and the job 
supervisors are usually given wide latitude 
in altering them for the sake of speed or 
economy. 

Pioneer roads arc most often needed in 
mountainous and timber country where 
severe obstacles hinder cross-country travel. 


Where fill is available, trees are cut flush 
and the stumps buried; otherwise they are 
uprooted and the holes graded in. Topsoil 
is handled as fill. 

Rock is avoided as much as possible in 
the layout of the road, and when found 
is of Sen buried instead of blasted- If an 
excessive amount of rock must be moved, 
it may he economical to place the pioneer 
road in the route of the highway, as the 
cost of the separate blasting may out¬ 
weigh the advantage of the independent 
road. 

Grides follow the land contour as 
closely as possible. The maximum grade 
w iH depend on the use. Shovels, tractors, 
and lightly loaded trucks should be able 
bo negotiate grades up to thirty percent, 
but serious delays can be caused by stalling 
of weak units, or as a result of skidding. 
Ten to fifteen percent grades are more 
practical. 

Curves should be wide enough to en¬ 
able the longest units to get around them 
somehow, and the machines in steady use 
should be able to make them without back¬ 
ing. Attention sliould be paid to tine Sane 
width needed, so that inside rear wheels 
will not run off the road, Widih require¬ 
ment increases with length of wheelbase 
and sharpness of turn. 

The road width is determined by its 
intended traffic, construction problems, and 
haste. It is desirable that it be two lanes 
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wide, but this is often not practical. On 
steep slopes, two one w r ay roads may be 
conducted, one above the other. 

Two way traffic on one lane will require 
turnouts every two to five hundred feet. 

Small streams are best bridged with cor¬ 
rugated metal culvert pipe and fill. Occa¬ 
sionally, bottoms may be hard enough to 
permit easy fording. 

Fords are the most economical means 
of crossing larger streams. A soft bottom 
can sometimes be made safe by a rock 
fill. Its downstream edge should contain 
heavy boulders. 

If a ford is not practical, multiple culvert 
pipe, log or timber bridges or trestles, or 
prefabricated steel bridges may be used. 

Roads built for use in a dry season may 
be so constructed that they will be washed 
out when the rains come if the contractor 
believes they will have served their purpose 
by then. 

The bulldozer, or angle dozer, is usually 
the primary tool for cutting a pioneer road. 
Methods are described in a later section. 

In sidehill cuts, the road surface should 
slope down to the bank or inner side, and 
may also have a berm along the outer 
edge. This construction allows for fill settle¬ 
ment. reduces washing of the fill slope, 
and decreases danger of sliding off the road. 

Drainage from the road surface and the 
hill slope is carried along the inside bank 
to culverts, or to outward dipping sections 
of road reinforced with rock or blacktop. 
Overhangs or sluices must be provided to 
carry the water across the fill. 

One of ihe constructions used by the 
U. S. Forest Service is shown in Figure 8-h 

Access and Farm Roads. A pioneer road 
is an access road for each otherwise isolated 
piece of the job it services. However, the 
term access road usually means a road by 
which a whole job is connected to a high¬ 
way system, and is generally used in con¬ 
nection with pits and dams. 

The quality of construction is variable. 


If the project is small, or to be quickly 
finished, and no substantial amount of raw 
material is to be trucked in t or products 
to be taken out, rough pioneer construc¬ 
tion may suffice. More often, it must be built 
as a haul road. Occasionally, a first-class 
highway will be required. 

Farm roads are usually graded native 
soil, two lanes wide, mih gravel, dirt, or 
other low coit surfacing. 

Haul and I.figging Roads. There is no 
sharp distinction between these two types. 
Both must carry heavily loaded trucks at 
a good speed, and are ordinarily located ac¬ 
cording to a favorable terrain, rather than 
property lines. The logging road is likely to 
be longer, to climb to much greater eleva¬ 
tions, and, under modern lumbering prac¬ 
tice, to be permanent. The haul road will 
carry a much greater traffic for a limited 
time* and then often will be abandoned. 

As compared with the pioneer and ac¬ 
cess types, these roads dilTer in that grades 
are limited. Ten percent is the usual maxi¬ 
mum for the logging road, and in haul 
roads grade is sometimes kept as low as 
three percent of climb in the direction of 
load movement, Culverts and bridge ca¬ 
pacities are designed according to the period 
of use t and the comparative expense of 
large openings, or repairing washouts over 
smaller ones. 

The long climbs needed on log roads in 
mountainous country are best ascended at 
even grades, which can only be attained by 
careful survey of possible routes. Where 
the direct distance along a valley wall is too 
short to provide the ascent at the required 
grade, the road may be run back into spur 
valleys instead of crossing them on trestles, 
or may ascend the slope in a series of 
switchbacks, or hairpin turns. The turns 
require a wide space, which, for economy, 
should be placed where the grade is flatter 
than ordinary, or where excavation will 
require minimum blasting. 

These factors limit the route rather 
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closely to that originally surveyed, although 
occasionally, if the contractor runs into un¬ 
expected difficulties, he can have the road 
shifted to avoid them. 

The haul road seldom has lone ascents 


and descents, but switch-backs and side 
wanders must often be used to get them out 
of a deep pit or over a ridge too massive 
to be cut. 

Logging roads are surfaced with local 
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material where possible, from cuts or bor¬ 
row pits along the road. Any fairly hard 
and porous material, such as gravel, desin- 
tegnUcd granite, or broken shale can be 
tised + as traffic is ordinarily not long sus¬ 
tained. Haul roads may be oiled to control 
dust and speed traffic. 

Trouble with snow or ice is minimized 
by locating on the north or cast slopes of 
valleys. 

Development Roads. Roads built for real 
estate subdivision vary in quality from the 
crudest pioneer type to city streets. Differ¬ 
ences depend cm the type of development, 
local regulations, value of land, capital 
available for improvement, terrain, and 
other factors. 

Rural subdivisions are seldom regulated, 
but those in and near cities may have to 
have roads built to high standards. How¬ 
ever. the developer may be allowed latitude 
in locating roads, or shifting them to avoid 
obstacles, to run cuts through banks of 
desirable fill or gravel, to change lot lines, 
or to obtain a more attractive appearance. 

Subdivision roads may be financed partly 
by sale of topsoil, gravel, fill, and other sur¬ 
plus material Construction costs may be 
reduced and swamp land reclaimed by us- 
ing appropriate areas as dumps for quarry 
or factory waste, or garbage. 

Garbage dumps should be kept com¬ 
pacted by bulldozer spreading in layers, 
and the garbage should be buried under 
fill daily, or at least as soon as it is brought 
up to grade, 

City Streets. City streets arc built to exact 
specifications, often under circumstances 
which do not allow maximum output from 
either machines or men. 

All operations are likely to be impeded 
by traffiCt which will probably require 
working the job in sections limited to a 
few blocks, and frequently to half the street 
width. Provisions must often be made to 
pass traffic on intersecting si reels through 
the w r ork. In addition to direct interference 


with work schedules, congestion will prob¬ 
ably delay trucks and machines entering 
and leaving the job r 

Removal of old paving h usually the first 
construction step. Tar or asphalt pave¬ 
ments, on gravel or stone bases, are usually 
dug direct by any size dipper shovel, skim¬ 
mer. or a tractor loader. Occasionally they 
are hard enough to require breaking with 
a ripper, or removal by a one-yard or larger 
dipper. 

A shovel can dig close to manholes, but 
care should be taken not to hook into them, 
or into a widened masonry base, as these 
are easily broken or crushed. Pavement 
chunks sliding up on the manhole cover 
may be thrown into the bucket by hand. 

Concrete pavements are tougher digging, 
particularly if reinforced. They may be 
bonded to the manholes or their bases so 
as to require breaking away by air ham¬ 
mers. ahead of shovel digging. They break 
out in big slabs which are difficult to pick 
up in the bucket, and to dump out of a 
small or medium truck. 

Soil beneath the pavement is removed 
with it to required depth. It may be native 
soil, or rock, dirt, or even garbage fill 
It may be honeycombed with pipes and 
conduits lhat may belong to the city, or to 
various utility companies. 

If the grade is to be lowered, some of 
the pipes may have to be dug in deeper. In 
any case, extensive repairs, enlargements, 
or relocations of piping is liable to be done 
between the removal of the old pavement 
and the laving of the ncw r . This will involve 
a lot of ditching and probably considerable 
delay T 

The paving contractor should see to it 
that backfill is thoroughly tamped in all 
ditches. 

After the completion of underground 
work, all manholes, catch basin gratings* 
and other street openings are fixed to line 
up with the new pavement surface. Check¬ 
ing should be done carefully by instrument. 


GRAVEL SPECIFICATION 


The subgrade is graded and compacted 
according to specifications. Because of in¬ 
terference with manholes, and the need for 
working in short sections, a large amount 
of handwork will probably be required. 

Highways. Highways make up the bulk 
of the excavating contractors' road work. 
Modern standards of width, grade, and 
alignment require heavy cuts and fills in 
rough or rolling land, and grading and 
compaction of subgrades involve heavy 
work on any terrain. 

Highways are built to exact specifica¬ 
tions, although the engineer in charge is 
generally allowed some latitude in inter¬ 
preting them. 

Contracts may be let on a basis of a 
fixed price for a job; a fixed price plus 
specified extras, such as allowance for over¬ 
haul, rock blasting, slides, or other difficul¬ 
ties whose extent cannot be conveniently 
estimated in advance; or on a price per 
yard basis. Less frequently, they are con¬ 
structed on a cost plus or equipment rental 
arrangement. 

Highway jobs may be resurfacing or pav¬ 
ing of existing roads, widening and straight¬ 
ening of roads, building a new road in the 
approximate location of the present one, 
buitding a new road which will run along 
or cross the old one only occasionally, or 
a totally new road crossing undeveloped 
country. There are of course no definite 
lines of distinction among these types, 

A requirement of most highway con¬ 
struction is providing for continuance of 
traffic along any roads running along or 
crossing the job. This may be a controlling 
factor in job sequence. 

Airports. An airport runway i$ essen¬ 
tially a very wide, short, straight road. It is 
usually located on the flattest land avail¬ 
able, but deep fills are often required. 

Banks of cuts must be graded back to 
very gentle slopes to avoid choppy air cur¬ 
rents. 

Borrow is frequently obtained from the 


glide areas at the ends of the runway. It 
is standard practice to cut away any ridges 
which might be hit by a plane climbing 
slowly off either end of the runway. 

The runway may have a level centerline, 
crowned up from the sides slightly for 
drainage, or have a flat cross section and 
a longitudinal slope. In either case, drain¬ 
age slopes are very slight, and the surface 
must be exactly on grade to avoid puddles. 

Taxi ways and plane parking areas are 
roads surfaced to an ample width to carry 
the wheels of a plane running on the 
ground. Additional areas on each side must 
he cleared and lowered to allow clearance 
for the wings. 

Airport subgrades and pavement may 
have to exceed standards for heavy truck 
highways if maximum size planes arc to be 
carried. 


gravel ROADS 

It is not the purpose of this book to 
describe road surfaces or stabilized sub¬ 
grades. However, surfaces of bank gravel 
and other tow cost materials are so fre¬ 
quently required for haul, access, and other 
work roads, that a brief discussion is in 

order. . 

Bank Gravel, Bank gravel is a natural 

mixture of pebbles and sand. For road 
building purposes it should contain some 
fines that will act as a binder. Most deposits 
contain cobblestones and boulders. 

Specifications for road gravel vary 
greatly. The following spread includes most 
of them: 


Passing a 2" sieve 

• r. '* 

« 10 mesh sieve 

« 200 mesh sieve (fines 

or binder) 


80 to 100% 
60 to 100% 
40 to S5 % 
15 to 70% 

5 to 25% 


In general, gravels with over ten percent 
fines are not suitable for roads that will be 
subjected to freezing. Less than five percent 
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may lead to loosening up in hot. dry 
weather. However* an increase in the per- 
centage of coarse particles will lessen the 
softness caused by too much binder. Vari¬ 
ations in particle shape and material will 
also alfecl results considerably. Increase of 
depth may make up for weakness. 

There is no consistent difference between 
the parts of gravel banks which are above 
and below the water table. Water levels 
were usually different at the time the ma¬ 
terial was deposited. However, there is verv 
often a difference in color due to above- 
water oxidation of certain pigments. 

Engineers frequently write ideal specifi¬ 
cations for gravel which is not obtainable, 
and contracts are let to use practical grades 
on a price or availability basis, 

Screened Gravel. Specifications may caff 
for screening gravel to be used in the top 
course or in the full road depth. Maximum 
size stones may be limited to one. two, or 
four inch diameters. 

Screening is desirable to obtain a smooth* 
easily worked surface, but it often involves 
wasting of an excessive amount of stone 
which could be worked into the road. The 
resulting loss of strength may affect the 
road stability* particularly in crossing soft 
or wet ground. 

In general, most oversize stone can be 
eliminated during the spreading and grad¬ 
ing processes at less expense than pit 
screening* except in patching work. 

Crusher Gravel. Bank gravel which is 
short of pebbles and Jong on stones, may 
be run through a crasher to reduce the 
oversize to pebbles. The result may be su¬ 
perior to run-of-bank of similar size dis¬ 
tribution because of the angular shape of 
the crushed pieces. 

Blasted rock which is run through a 
crusher, without separation of the product, 
will often produce a material similar in size, 
distribution, and performance to the best of 
bank gravels. 

Crusher gravel is usually more expen¬ 

se 


sivc than run-of-bank because of the extra 
processing. 

Similar Materials. Any hard material 

which is broken into particles of the gravel 
size range may be used in its place. The 
breakage may be from blasting, rooting or 
digging, burning* or the effect of heat and 
cold. Such materials include soft limestone, 
fine blasted rock, scoria, clay* disintegrated 
granite and shale, cinders, and volcanic ash. 

Rock from tunnels (muck) is particu¬ 
larly suitable for road work as the tight, 
heavily loaded shots cause fine fragmenta¬ 
tion. 

Cinders, ash, shale, and some scoria 
should be used with caution as they pro¬ 
duce good Immediate results but break 
down into mud or dust under traffic. 

Preparing Su bgrad c. The su bgrade shou Id 
be finished as accurately as possible. Ridges 
or hummocks of subsoil which extend up 
into the gravel weaken it. If the su bgrade 
is clay or silt, it is good practice to place 
a blanket of clean, coarse sand to interrupt 
capillary flow and add to road stability. 

The subgrade should be compacted if it 
is practical to do so. However, temporary 
gravel roads art often put across wet spots 
that are not workable. Rock fill, or extra 
depth of gravel is used to make up for lack 
of subgrade preparation. 

Cross Sections. Three cross sections in 
common use are shown in Figure 8-2. The 
feather-edge construction in (A) calls for 


A 



Fig. 8-2. Cross sections of gravel roads 
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Fie. £-3* Subgradc compactioa 


a flat subgrade. Its advantage is case of 
construction. Disadvantages include poor 
drainage of water out of the center gravel, 
deficient strength at the edges, and the 
necessity of blading fill from gutters or 
shoulders into the road during maintenance, 

The trench section (B) provides center 
drainage and strength to the outer edge 
of the gravel. However, frequent bleeder 
drains through the shoulders may be needed 
to prevent water from ponding in the 
edges* soft shoulders may be a hazard in 
wet weather, and maintenance work will 
put dirt over the gravel. 

The shoulders and gutters may be shaped 
before Saying gravel, or the gravel may be 
laid and gutters then cut to obtain shoulder 
material. 

The full width surfacing in (C) is the 
best construction, and is to be recom¬ 
mended wherever the price of gravel is 


not a controlling factor. It saves the trouble 
and expense of edging, provides hard 
shoulders and good drainage throughout 
the surface, and minimizes maintenance 
difficulties. 

Flaring Gnavel. On good subgrades, 
gravel may be very thin, but it is the best 
practice to use six to eight inches com¬ 
pacted depth, and to spread it in two 
layers* On soft ground* the depth may be 
twelve inches or more. The greater part of 
deep gravel is usually in the bottom layer. 

The best gravel available should be in 
the top layer It should not contain many 
stones larger than one inch, or at the most, 
two inches in diameter It should be coarse 
enough to resist the action of tire suction, 
water, and wind, and should have enough 
binder to hold it in dry weather, but not 
enough to make it sloppy when wet or 
thawing. 
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Fig. 8-4, Si dehill cm and fill cross sections 


In the bottom, stones up to two thirds 
of the layer thickness can be tolerated. 
Clean sand without stone may serve if the 
top layer is tlnck and well bound enough 
to hold it together. 

Gravel is ordinarily trucked in and 
spread by a doscr or grader. Occasionally, 
hauling and spreading can be done by 
scrapers. 

Each layer should be (horoughly com¬ 
pacted by pneumatic tired or steel wheel 
rollers, or traffic. See Figure 8-3. A heavy 
steel roller will work buek into the gravel 
stones pulled out by spreading work. Larger 
stones arc thrown to the side to be taken 
away later. They are easier lo remove if 
roughly piled rather than scattered along 
the edge. 

The top layer may be dragged with a 
spike tooth harrow to turn out stones that 
might interfere with grading. 

Minimum crown is 4 W for a 20" road, 
6" is more satisfactory. 

5IDEHILL CUTS 

Jn hilly or mountainous country, roads 
are largely notched into slopes so that the 
land rises from one side of the road and 
dips away on the other. Such a road may 


be constructed by digging on (he high side 
and using the spoil to build up the low side; 
ns in Figure 8-4 (A); by cutting only, as 
in (B); or T less commonly, by building a 
shelf of fill as in (C). 

Difficulties of design, excavation, drain¬ 
ing, and stabilizing increase rapidly as hill 
slopes become steeper. 

Stripping, Removal of topsoih stumps* 
and logs may or may not be required. This 
matter will be decided by the job specifica¬ 
tions, or by [he judgment of the engineer or 
contractor. 

In geneirai, stripping of topsoil becomes 
both more difficult and Jess important as 
the slope increases, as deep cuts in steep 
hills increase the proportion of subsoil in 
the dirt moved. 

VVhen stripping is required, the topsoil 
can most economically be pushed straight 
downhill by dozers to form the toe of the 
Jill, as in Figure 8-5 {A) ? or a windrow be¬ 
low h, as in ( B). Such a windrow may be 
reclaimed after the road is built to cover 
the slopes. 

If the hill is too sleep to back up, the 
dozer may be equipped with a towing 
winch, and the line anchored above the 
work so that it can pull itself up the slope, 
it may also be helped by winch or direct 
pull from a tractor above it, or by a line 
around a pulley anchored above it to a 
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Fig. 8-5, Topsoil stripping 







NOTCHING A SLOPE 


tractor on its own level or on a lower one. 

Loose stumps can be used in pioneer road 
fills but are unsuitable for highways. Their 
use in intermediate classes of roads will 
depend on job conditions, the estimated 
useful life of the road, and the rate of decay 
of the stumps. 

Logs placed at the toe of the fill are use¬ 
ful in catching rolling boulders and cheek¬ 
ing slides. These, or more elaborate pre¬ 
cautions, are often required to protect roads 
or structures below. They may be held by 
their own weight, by resting against stumps, 
or by cables and anchors. They may be 
used as temporary expedients in most work. 

Stumps left intact in steep fill areas may 
serve to prevent the completed fill from 
sliding downhill as a mass. Specifications 
often permit leaving them if they will be 
covered two or three feet deep, 

If a sidehill is cleared and stripped, the 
areas to be filled should be plowed or 
roughened across the slope to reduce the 
danger of slides. 

Dozer Digging. If the side slope is gentle, 
the road shelf may be cut by pushing down¬ 
hill, Steeper slopes may be started in the 
same manner and finished by working 
along the road Line, as in Figure 8-6. 

In general, when the upper bank be¬ 
comes so sleep that the dozer cannot back, 
up it without assistance, it is more economi¬ 
cal to work from the side. However, if the 
line of cut is interrupted by rock ribs, 
which are not to be blasted until the softer 
parts of the road are made, a dozer with 
a helper cable may be used to cut benches 
in each section, at least long enough to per¬ 
mit it to start a sidecasting cut. 

Pushing from above, where practical, is 
faster than sidecasting. 

Siducasciitg. The standard method of 
notching a steep sidehill is sidecasting with 
a dozer. A wide track, close coupled dozer 
with a blade that can be lilted to cut low 
on the uphill side is most efficient. An 
angling blade, set with the uphill side low. 



Fig. 8-6. Starting sidehill cut with dozer 

and angled to cast down the hill, is useful, 
particularly in light soils and shallow cuts. 
The advanced position of the blade may 
make it difficult to turn with heavy loads. 

A non-tilling bulldozer blade, or a shovel 
dozer bucket, requires special care in pre¬ 
serving a counter slope. 

Work is started near the upper slope 
stakes at a spot naturally or artifkaily level 
enough to permit the dozer to work paral¬ 
lel with the road center line, at the upper 
edge of the cut. A blade full of earth is 
dug along ihe upper cut line, then the 
blade is lifted and the machine turned 
downhill at the same lime. After dumping, 
the dozer is back until parallel to and 
touching the upper line, and another scoop 
dug and swung downhill. 

One or several layers may have to be 
dug in one spot to obtain enough fill to 
build out the shelf wide enough to carry the 
dozer. Steeper slope, more passes. 

The blade is raised sufficiently during 
the dump to keep the fill higher than the 
cut SO that the notch will slope oppositely 
to the hill. This keeps the dozer tilted 
for efficient cutting, allows for compaction 
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of the fill when it is walked on, and also 
provides the proper cross section for a pio¬ 
neer road. 

When the shelf is wide enough to hold 
the dozer, further procedures are varied to 
suit the slope, the soil, the machine, and 
the operator's preference. The cut can be 
lengthened to the end of the slope, then 
cut in successive layers to grade and width, 
or it may be developed to full size in a 
single cut. 

Layer cutting involves more rehandling 
of the dirt, as the loads dropped from the 
first cut are moved again as it is deepened. 
However, it is easier for a dozer to make 
shallow cuts, and the angle blade sidecasts 
most effectively, and puts minimum strain 
on the tractor when the cut is light. 

Deep single cuts make it difficult to 
trim the bank and may have to be avoided 
for that reason. 

Belt Loaders. Once a cut of sufficient 
width has been made between two areas 
that are wide and level enough for turning, 
a tractor-drawn bell loader such as the 
Euclid, or a self-powered unit mounted on 
a grader, can be used for widening and 
deepening the cut by sidecasting, 

ft may be necessary to follow the ma¬ 
chine with an angle or straight dozer to 
grade of! the spoil. 


The belt machines ordinarily develop the 
cut in only one direction and deadhead 
back. 

Dipper Shovel* The dipper shovel can 
be used instead of a dozer for notching a 
slope. It can usually do the rough work in 
one trip, as in Figure 8-7, but if the bank 
must be trimmed or the cut is very dcep T 
it may be done in layers. 

When the width of the cut will allow it, 
it is good practice to keep the shovel on 
its floor rather than with one track on the 
fill. For narrow roads, a part swing shovel, 
or one with a short overhang in the rear, 
is desirable. The cut should be kept sloped 
into the bank to keep the weight off the 
edge. 

The fill is kept higher than the cut, par¬ 
ticularly if used for footing. Poles or plat¬ 
forms can be used for extra support under 
both trucks, or under the outside track 
only. 

When the ground is soft or wet, the slope 
very steep, soil layers slope with the hill¬ 
side, or smooth bedrock is just under the 
cut, the smallest shovel which can handle 
the digging should be used. The weight of 
a large machine, together with the vibra¬ 
tion of its work, may cause a slide. 

Shovel spoil can most conveniently be 
sidecast, but can be loaded into trucks 
backed up to it. If the road is long and 
narrow, trucking out all the spoil will be 
very slow work. 

Rock exposures along the road line 
should be blasted as a shovel cannot be 
readily moved up and down steep slopes to 
bypass them. 

Use of a shovel is indicated when soil 
is too soft or rocky for effective dozer 
work, when cuts are deep, and when spoil 
is to be used at a distance. 

The work is ordinarily left rough to be 
finished off by a dozer or grader. 

Side Culs. When the notch is to be 
largely or entirely a cut and the spoil is 
to be used nearby on the job, dozer side- 
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casting is used only until the shelf is of 
ample width to hold the machinery The 
material is then pushed or carried along the 
shelf to the fill area. 

Big dozers can be used for pushes up 
to two hundred feet on the ievel„ and farther 
downhill with fair efficiency. When the 
cut is loo narrow to allow machines to 
pass each other, their production can be 
stepped up, at some additional cost, by 
using two or more dozers in relays. One, 
working from the back of the cut, wilt 
push a load part way to the fill and spread 
it a bit in dumping it. The dozer below 
it wiJl back over the heap and push it 
to the end of its beat. 

Scrapers. The possibility of using scrap¬ 
ers should be considered. Their use on 
short runs is discussed later under Inter¬ 
mediate Hauls. 

Tractor-drawn, full trailer scrapers are 
difficult to back, so in a narrow road they 
require an additional road to bring them 
back from the fill. This may have to go 
back to the beginning of the hillside, or 
enter it at some intermediate point. In 
either case, the scraper travel is apt to be 
much longer than that of the bulldozer, 

A semi-trailer scraper can be backed up 
a narrow road, but only by a skillful opera¬ 
tor. Travel distance would be the same as 
for a dozer, and production should be very 
much greater in proportion to power. How¬ 
ever, only one scraper can be used con¬ 
veniently until turnouts can be provided. 

If some spoil is being sidecasf, and some 
hauled away, a dozer can work on widening 
and serve as a pusher, 

in the first stages of enlarging a notch, 
it may be difficult to keep the road sloping 
into the hill because of scrapers sinking 
and gouging into the loose filh This pitch 
may be preserved or restored by running a 
grader or an angling dozer dose to the wall, 
and casting out. As the cut widens and 
enters solid ground for its full width, it 
will become possible to keep it trimmed 


on the bottom by proper manipulation of 
the scrapers. 

Some scrapers have an adjustment for 
tire wear which permits rajsing or lower¬ 
ing one of the rear wheel sets. Such a 
machine may be set lo cut low on the 
Inside during the pioneer stage of the cut. 

When a steep hill contains boulders, 
stumps, or ledge, sidecasting is to be pre¬ 
ferred to hauling, and dozers will probably 
be both safer and more economical than 
scrapers if short or medium hauls are re¬ 
quired. 

Compaction. When a wide road is 
notched into a hillside by cut and fill 
methods, it may be difficult or impossible 
lo compact the fill if it is sidecast. 



Fig. 8-3. Parallel cut and fill 

IF compaction is required, two pioneer 
notches may be made, as in Figure at 
the top and the bottom of the cut. Scrapers 
are then used to cut the top down and 
build the bottom up. Compaction of the fill 
can be handled by rollers following the 
scrapers until sufficient width is obtained 
lo permit them to pass the scrapers ou the 
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Fig. 8-9. Slope stability 

fill, after which they can operate in both 
directions. 

BANK SLOPES 

Angle. The angle at which bank slopes 
will stand in cuts and on fills, is an im¬ 
portant factor in the cost, and sometimes 
in the feasibility, of sidehill construction. 
It is also a limiting factor in the depth of 
through cuts. 

It is desirable to keep these slopes at 
less than the natural angle of repose of their 
material, as shown by local examples, or 
laboratory tests. However, if the hillsides 
are at or near this angle, the cut wall must 
be substantially steeper to avoid excavat¬ 
ing tremendous yardages. Also, a fill slope 
must be steeper than that of the sidehill 
on which it rests if it is to support a road. 

Stability. A slope is subject to the in¬ 
fluence of gravity and possible pressure of 
ground water which lend to cause sliding 
or caving. It is also subject to surface ero¬ 
sion, from running water, wind, and alter¬ 
nate freezing and thawing, or wetting and 
drying. Weathering causes changes in par¬ 
ticle size and composition. 

Resistance to gravity slides is a function 
of particle size and shape, stratification, 
and binding by natural cements. Water, if 
present, has the least effect on soils per¬ 
vious enough to allow it free passage, and 
coarse enough not to be eroded. 


Direction of dip or rock or soil layers 
may be important. See Figure 8-9 (A). 

Long slopes may be benched, as in <B), 
to break the flow of surface water. Benches 
arc stabilized in die same manner as di¬ 
version ditches. 

Slopes can be stabilized by growth of 
vegetation. Most types will provide surface 
protection, and types with deep or inter¬ 
locking roots may hold against some inter¬ 
nal pressure as well. 

Artificial protections include supporting 
walls, drainage systems to intercept or re¬ 
move ground water, and fences to catch 
rolling pieces. 

Walls may be of masonry, interlocked 
concrete, or metal bins. Strength of the last 
two constructions depends on their being 
filled with coarse, pervious fill. Any of these 
must rest on a solid footing that can resist 
both weight and thrust. 

Logs can be used for temporary retain¬ 
ing walls and to catch boulders rolling dur¬ 
ing work. 

Drainage. Freshly worked embankments 
should be protected against surface water 
flowing from adjoining ground. In cuts, a 
diversion ditch is usually dug a few feet 
back from the upper edge. Such a channel 
may require protection against erosion, to 
prevent it from developing into a gully that 
would damage land below it, and eventually 
break out through the bank. 

Such protection may include establish¬ 
ment of a strong sod, construction of a 
series of check dams, paving with resistant 
materials, diversion of some of the natural 
drainage at higher points, or use of dis¬ 
charge flumes down the slope. 

If the slope is threatened by softening 
or washing by ground water, subdrainage 
may be required also, t.and tile may be 
laid under the surface channel if its floor 
is impervious enough not to allow exces¬ 
sive surface water to enter the tile. Under¬ 
drainage may be required in the gutter at 
the foot of the slope, and in or behind wet 
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spots in the slope to catch the seepage. 

Fills usually have less drainage across 
them, but because they arc not as well 
bonded together, they are more subject to 
surface erosion than cuts. Water may flow 
onto them from the road and from slopes 
above the road. They can be protected by 
berms along the outer edge of the road 
shoulders, which will prevent water from 
going down the side of the dll, except at 
points protected by pipes, flumes, or pave¬ 
ment. 

Fills which are built on sidehills have a 
tendency to slide along the old surface, 
unless it is well roughened. Leaving of 
stumps and boulders, roughening by plow¬ 
ing, or placing of suhdrains to slop seepage 
of water along the joint, arc common meth¬ 
ods of reducing this danger. 

Any soil, whether original bank or fill, 
which rests on smooth steep rock slopes is 
liable to slide. The most important step in 
preventing slippage is diverting ground wa¬ 
ter moving down the surface of the rock. 

Grading. Cut slopes may be practically 
vertical, or as low as 1 on 6, Fills arc 
seldom steeper than 1 on 1 Vi. 

Many highway side slopes are so steep 
as to require special techniques in trim¬ 
ming them. For moderate angles, a wide 
track bulldozer may work the slope in 
horizontal strips front the top down, as 
in Figure 8-10 (A). Steeper grades may 
require the diagonal movement shown in 
(B). Use of grader, on moderate side 
slopes, or dozers on very steep ones, may 
be made safer by cabling to another ma¬ 
chine moving parallel to it on the top of 
the bank. Two cables are used attached to 
the front and rear of the lower machine. 

ft is not safe to operate unsupported 
heavy equipment along slopes which con¬ 
tain rocks, soft spots, or frozen ground. 

Planting, The best protection for a dirt 
slope is a good cover of vegetation. Grass, 
weeds, bushes, and trees are all effective 
controllers of erosion. The type selected 



Fig. IS-10. Finishing a slope with a grader 

will depend on the locality, soil, and season. 

On most jobs, it is necessary to place 
a layer of topsoil over the fill or exposed 
earth in order to get a good growth. Occa¬ 
sionally plants will grow well enough on 
raw earth, or with the aid of some lime or 
fertilizer. 

Deep topsoil is favorable to growth but 
it may discourage plants from rooting into 
the subsoil, and absorb too much water 
so that it will slide off during rains. For 
this reason, and for economy, topsoiling of 
steep slopes is usually limited to a depth 
of two to four inches. 

The fill surface should be roughened so 
as to bond with the topsoil. A sheepsfoot or 
tamping roller is one of the best tools for 
accomplishing this. If the slope cannot be 
worked, the roller may be operated by 
a dragline at the top. The drag cable is 
used to pull the roller up and to let it 
down, and the walking of the shovel moves 
it along the slope. 

Topsoil may be pushed up a slope from 
stockpiles at the bottom, pushed down it 
from piles trucked to the lop. or distributed 
over the surface by a clamshell working 
from either top or bottom, and the result¬ 
ing piles shoveled or raked out by hand, 

Vresh spread topsoil gullies readily and 
should be protected. A layer of hay or 
straw, mixed into it by a tamping roller, 
is probably the most satisfactory treatment. 
The hay should be well cured, as rapid de- 
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cay would make its useful life too short, It 
is apt to absorb so much nitrogen from the 
soil as to interfere with growth of seedlings. 
Use of barn straw that contains some ma¬ 
nure, or adding nitrogen fertilizer, cures 
this difficulty. 

Some hay and straw contains enough 
grass and weed seeds to establish a good 
cover. Other types are deficient and require 
that the ground be seeded. Seed can be 
mixed with water and sprayed onto slopes. 

On small areas, topsoil may he held by 
adding straw, and holding it with chicken 
wire firmly pegged down. Horizontal wood 
slats are sometimes used. Placing and 
tamping cut sod in drain ageways, in hori¬ 
zontal strips on slopes, or on the whole 
surface, is very effective but the cost is high. 

Rock Faces, Rock cuts can be left with 
very steep or vertical faces, and occasion¬ 
ally are allowed to overhang. Such faces 
usually cause a hazard of rock falls to the 
pavement, but the expense of cutting rock 
back to completely safe slopes can seldom 
be justified. 

Some rock formations tend to break up 
into gravel or small stones at the face be¬ 
cause of temperature changes, and will at 
times subject the road to art almost con¬ 
tinuous bombardment. Such faces should 
be cut back sufficiently to permit a wall or 
fence to be put beside the road, with space 
behind to catch falling stones. 

More massive cMs may present the dan¬ 
ger of occasional falls of larger rocks or 
of whole sections. These may be checked 
in the danger season by a man with a bar, 
supported by a rope held at the top. Loose 
pieces can be pried out. 

Long expansion bolts, similar to those 
used to secure tunnel roofs, can be placed 
to fasten a whole slope into a solid and safe 
unit. They are particularly efficient in shale 
beds parallel to the slope. 

Vegetation tends to break up rock faces, 
so artificial planting should not be at¬ 
tempted. 


THROUGH CUTS 

A through cut has a high wall on each 
side so that little or no material can be 
excavated by sidecasting. 

If it is on a sidehili, one edge will be 
higher than the other. The part of the cut 
which is above the low' wall is actually a 
sidehili cut, and may be handled as one 
or as a through cut. 

Through cuts are seldom used in build¬ 
ing pioneer roads, except where borrow 
is needed to cross a ravine. When roads are 
narrow, and the sharpness of curves is 
not an important consideration, sidehili 
work is faster and less expensive. 

SCRAPERS 

Scrapers arc the standard tool for al¬ 
ternating cuts and fills, where the soil is 
soft and fine enough for them to work, or 
can be made so by tractor drawn rippers, 
and the haul is too long for dozers. 

Preparation. The first requirement is to 
smooth over the cut and the fill areas so 
that scrapers can work them. This is usu¬ 
ally a dozer job. The ground is cleared 
of vegetation, potholes are filled, gullies 
broken down and ramped over, sharp 
ridges beveled off, side slopes notched, and 
turning places graded off. 

It is not absolutely necessary to prepare 
the whole area in order to have the scrapers 
move in. Their work can start on the high 
part of the cut and the low part of the fill, 
while the dozers are clearing and smooth¬ 
ing the balance of the area. 

If the cut has a high side, it is cut to a 
passable driveway by straight pushing or 
sidecasting. The bottom of this cut is sloped 
oppositely to the hill. 

If the hill is high in the center of the 
cut, the hump is graded off sufficiently to 
afford good fooling for scrapers. 

It is sometimes economical to make 
small fills in areas which are to be lowered, 
and small cuts under future fills in order 
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to smooth out working areas quickly. 

When a dozer is not available, a scraper 
can smooth moderately rough ground by 
driving through It with the knife held low 
enough to cut off the bumps and high 
spots. If the tailgate is held near dumped 
position, it will act as a dozer blade, and 
spoil will be dropped into the first hollow. 
If the gate is held partly or entirely back, 
the cuttings will accumulate in the bowl to 
be dumped in larger hollows or carried to 
the fill. 

Turnarounds. The location of the turn¬ 
around in a narrow one-way cut is afTected 
by the difficulty of making it. For effi¬ 
ciency, it should be slightly across the hill- 
crest from the fill, so that the scraper can 
be straightened out to load just before it 
crosses the crest. However, the digging 
will work the crest back and destroy the 
turnaround quite soon. It may therefore be 
wise to Locate it w'eii back from the crest. 

Whenever possible, a turning place should 


be wide enough for the machines using it 
to get around without backing, Space re¬ 
quirements vary greatly in different sizes 
and types of scrapers. Time may be saved, 
and accidents reduced, by providing more 
space than the minimum requirement, par¬ 
ticularly for sharp-turning models, 

Cutting Ridge tops. If the slope up from 
the fill is too steep for the scraper to climb, 
it may be broken down into a ramp by 
dozers, or the cut made with shovels. 

]f the slope away from the fill is too 
steep for scrapers, as In Figure S-ll, the 
lop can be towered by the combined work 
of scrapers and dozers, as shown in Figure 
8-12. Full trailer scrapers will dig across 
the cm as they turn, as in {A). Semi¬ 
trailers can be backed up to the edge, as 
in (C). and if a snatch tractor is available, 
can be backed over it. Digging is then done 
straight toward the fill. 

The undug lip left by the first method 
is pushed over the edge by a dozer, as in 
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Fig. 8-12. Breaking down sleep slope 

(B), Tills filling, and the cutting into the 
slope, will extend the floor and allow 
scrapers to work farther back. 

Eventually the bank will be lowered suffi¬ 
ciently to make it practical to break it 
down with dozers (D), so that scrapers can 
go through to dump on the far side, or turn 
to continue hauling in the original direc¬ 
tion. 

Digging Patterns. Scraper work patterns 
should be arranged to allow for as many of 
the following as possible: 

1. Digging downhill. 

2. Digging in the direction of the work. 

3. Utilization of pushed soil. 

4. Efficient turns with minimum dead¬ 
heading. 

5. Start cuts at high points, and fills at 
low ones. 

Direction of Digging, A favorable grade 
increases the speed and the effectiveness 
of loading, and reduces wear on the power 
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units. The advantage becomes more marked 
as the downgrades get steeper. 

Figure 8-13 shows three ways to make 
a deep scraper cut. (A) is inefficient be¬ 
cause the downgrade is used in transport' 
ing where iitile power is required and does 
not assist the digging. (B) takes full ad¬ 
vantage of the downgrade but may create 
an inconveniently sharp angle at the be¬ 
ginning of the cut. 

In (C) the digging is started on the 
upgrade, just before the crest. The power 
requirement for the first few yards is small 
as resistance increases with load. The ma¬ 
chine is rounded into the downgrade for 
the bulk of the load. This keeps the crest 
cut down without sacrificing much of the 
advantage of the slope. 

Digging in the direction of the work is 
desirable. A loaded pan moves slower, 
wears more, uses more fuel, and may be 
less stable on turns than an empty one. If 
the load is picked up heading toward the 
fill, it is able to take the shortest path to 
the dump, and to make the turns and the 
longer run beween them empty. 

However, there is often sufficient reason 
for digging away from the dump. Digging 
downhill is more important than direction. 
Occasionally a pusher can be best utilized 
if scrapers arc loading in both directions, 
which, in a single cut and fill, would re- 



Fig. 8-13. Taking of! a hill 
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Fig. 8-14. Scraper patterns 

quire about half the units load before turn¬ 
ing to go to the (ill. 

Pushed Dirt. The scraper knife usually 
pushes some dirt ahead of it, the amount 
increasing with the size of the load. Loose 
material such as sand may be moved in 
considerable quantities. This is left in low 
piles when the bowl is lifted. 

This dirt can be utilized to build up 
the fill where it meets the cut, by allowing 
the bowl to drag slightly until the fill is 
reached. However, dragging may cause a 
loss of speed which outweighs the impor¬ 
tance of the dirt moved. 

Care should be taken not to cut below 
grade at the junction with the fill unless it 
is necessary to make a ramp. 

Turns. The time consumed in making 
a U turn with a scraper may vary from 
five to sixty seconds or more, depending on 
space available, ground conditions, type of 
machine, traffic, and operator. Fifteen sec¬ 
onds is a fair average. 

Time consumed deadheading from the 


working area to the turn and back, may be 
considered part of cither the turn or the 
haul, but it is better practice to consider 
it a separate part of the cycle. 

On short hauls, turns and deadhead 
lime have an important effect on produc¬ 
tion. As hauls become longer, their signifi¬ 
cance decreases. 

There are four major patterns of scraper 
operation which are shown in Figure 8- 
14. In the first, (A) and (B), there are 
two turns to each dig-dump cycle, in the 
second. (C) and (D), one, and in (E) 
one half. (F), with no U turns, is only 
practical when a very wide area, such as 
a field or runway, is being graded. 

When both cut and fill are wide enough 
for easy turns, the (A) and (B) layouts 
may be most efficient, particularly when 
work areas are long and tractor speeds low. 
The advantage is that the scraper can turn 
to start a new cycle immediately after dig¬ 
ging or dumping. The length of haul can 
therefore be figured between the centers of 
mass of the cut and the fill, as the longer 
and shorter runs will average out. 

The diagram and arithmetic in Figure 
8-15 indicate the advantage of operating 
one cut with one fill under the conditions 
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Fig r 8-16, Fixed guru patterns 

outlined. It will be noted that the advan¬ 
tage decreases as tractor speed increases. 

If turns cannot be made immediately at 
the end of the work, the time required to 
travel the average distance from the ends 
of spreading runs, and from the beginning 
of cuts to their turns, must be added to the 
cycles, as in Figure £-16. 

Through travel highway patterns, Figure 
8-14 (E) t have their greatest use where 
the graded area is too narrow for turns, 
and cuts and fills are rather short and 
closely spaced, Their efficiency depends on 
the extra time required for through travel, 
compared with that used for turns and 
deadheading. 

These examples are somewhat over¬ 
simplified for demonstration purposes. 

Intermediate Ha tils. Some hauls are too 
short for normal scraper use and too long 
for dozers. 

A bulldozer's production falls rapidly 
as length of haul increases, ft becomes un¬ 
economical somewhere between 100 and 
200 feet on level ground, although it may 
be used for much longer distances. Be¬ 
cause of complications of turning and dis¬ 
tances required to load and to spread, 
scraper use generally Marts at two to four 
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hundred feet. These figures are for large 
machines. Small bulldozers lose effective¬ 
ness at lesser distances* and small scrapers 
are operated on much shorter runs. 

Scrapers can often be used more effi¬ 
ciently on very short hauls than is generally 
believed. They can waste considerable time 
deadheading to turns, and carry under¬ 
size loads because of short digging runs H 
and still move much more dirt than a 
dozer. 

When the fill is too short for proper 
spreading* part of the load can be carried 
around the turn and dropped on the way 
back to the cut. 

Semi-trailer scrapers can be used shuttle 
fashion. The load is spread dumped, and 
the machine backed into the cut for an¬ 
other. Jn each pass some of the spoil 
will be moved* dozer fashion, in front of 
the knife, and dropped at the beginning of 
the fill. * & 

I wo-wheel drag scrapers, such as are 
used for land leveling, can be used shuttle 
fashion and in easy digging will move about 
double the load of a dozer blade. Large 
models are very wide so as to be incon- 
venient to transport and unable to work 
with other machines in ordinary roadways. 

lurking Down. Scraper cuts should be 
brought to a convex or crowned cross sec* 
tion. The outer slopes tip the scraper weight 
toward the bank so that it is less likely to 
ride up over hard spots at the edge, or 
to slide away from the bank. Irregularities 
appearing in the center are readily worked 
down by varying the angle of approach, 
but corrective measures taken near side 
slopes may damage them. 

Scraper work on side slopes is simplified 
by first cutting a shelf with a dozer. If no 
dozer is available, the sera per can be taken 
uphill to the start of the cut, the blade 
dropped, and the scraper turned to dig 
along the upper cut line. The turn will 
cause the edge to cut deepest on the uphill 
side, and if done repeatedly, will level the 
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Fig, 8-17. Scraper pioneer ing a si deh si! cut 


digging area, or stope it oppositely from the 
hill. See Figure ft-l? + 

The cut is taken down in layers. The 
depth of slices will depend cm the behavior 
of the soil. Loose soils may require a deep 
cut to force them up into the bowk Tight 
ones do best with thinner slices which 
minimize cutting effort 

Increase of power applied to the blade 
permits taking thicker cuts, and fills the 
bow] in a shorter run. As the bowl loads 
up* the soil in it resists the upward passage 
of that being dug, and this added resistance 
may make it difficult to get a full or heap¬ 
ing load. 

In heavy soil* mounting resistance may 
be counteracted by taking a thinner slice, 
or occasionally* by pumping. Loose soils 
such as beach or desert sand respond well 
to pumping. 

Pumping involves raising and lowering 
the bowl in order to alternate deep gouging 
with shallow cutting. The shallow run 
builds up momentum, and the thick bite 
punches up through the load effectively. 

The cut should be kepi properly shaped 
as it is worked down, both in profile and 
cross section. Accuracy is necessary only 
at the edges, until a close approach is made 
to bottom grade. However, to facilitate 
rapid movement and easy loading* it is 
important to keep the pit from getting too 
rough or ridged. 


Scraper cuts may parallel previous ones, 
as in Figure 8-18 (A>* overlap, as in (B)* 
or space and straddle (C). Straddling is 
often effective at getting good loads in 
tough or loose soil, as the digging resistance 
seems to be proportionate to the depth at 
the sides rather than the center; and the 
thick center punches its way up into the 
bowl. 

Some soils cut to flat surfaces readily 
while others do not. Under some conditions 
scrapers can keep the cut floor in good con¬ 
dition; and under others it will be advisable 
to have a dozer or a grader to keep it 



Fig, 8-18. Digging sequences 
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Fig, 8-19. Pusher patterns 

straightened out so that the scrapers can 
concentrate on earth moving. 

If bedrock is found in the cut, it may be 
advisable to have a dozer strip the overly¬ 
ing soil and push it out to be picked up by 
the scrapers, A semper is more vulnerable 
to damage from contact with rock, and its 
loading will be slowed by any efTort made 
by the operator to avoid such damage. 

Pushers. When the tractor pul ting a 
scraper docs not have sufficient power or 
traction to load it fully and quickly, a 
pusher tractor may be used to assist it The 
pusher, which may be a dozer with or with¬ 
out a reinforced socket in the blade center, 
or a tractor carrying a rigid frame and push 
plate, makes connection with the back of 
the scraper and pushes it through the dig¬ 
ging run until it is loaded. 

Most pushers are crawler tractors. Rub¬ 
ber tired units with four wheel drive do a 
good job, but lose efficiency more rapidly 
under slippery conditions. 

Pusher plates are much cheaper, but 
are of more limited use. Their fixed height 
may make them unable to push certain 
pans, or at least to require a tedious me¬ 
chanical adjustment before they can do so. 
On rocky or uneven ground, it may not be 
possible to apply the pushing power as 


efficiently as with a movable blade. They 
cannot be used to grade or clean up the 
cut in between pushes. 

Snatch tractors may be used instead of, 
or in addition to, the pushers. These tow 
the tractor-scraper by means of a cable, 
chain or an automatic coupler. They avoid 
the pusher tendency to jackknife the scraper, 
but connecting and disconnecting ore not 
as rapid, and it is not always obvious when 
the scraper is loaded and ready to take off. 

Pushers arc usually required by scrapers 
whose prime mover has rubber tires, and 
by oversize scrapers drawn by crawlers, 
They may be helpful to any size or type 
of scraper tractor combination in tough 
going, in short cuts, when time is at a 
premium, or if loading uphill cannot be 
avoided. 

In short cuts, the pusher will return to 
the starting point after each shove. In long 
ones, it may push several scrapers before 
it reaches the end. when it will return to 
the beginning at high speed. In two-way 
cuts, it pushes both ways, w r ith little idle 
travel. 

There are several patterns of pusher 
loading which are in common use. The 
simplest* shown in Figure 8-19 (A), is for 
the scraper to drop its bowl, and the pusher 
to make contact, at the beginning of the 
cut. One tractor pulls and one pushes until 
the desired load is obtained. The pan bowl 
is raised, informing the pusher operator that 
he is not needed, if he has not already 
learned this from watching the load. The 
tractor scraper then shifts into a higher gear 
and departs. 

the pusher returns to the beginning of 
the cut. It may make this move in reverse, 
or by turning and using forward speeds. 
The length of the cut and the relative 
speeds the machine can make in the highest 
usable reverse and forward speeds, deter¬ 
mine which should be used. 

If the next scraper gets in loading posi¬ 
tion before return of the pusher, it will start 
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to load itself, as it can pick up part of a 
loud readily, and will thereby decrease the 
distance the pusher must come back in 
order to get behind it. 

Another pattern, shown in (B), is suit¬ 
able only for long cuts. After loading the 
first scraper the pusher waits for the next 
empty one to come up along side it, pushes 
that until it is full; pushes the next from its 
stopping point, and so on until the end of 
the cut is reached. The pusher is then 
turned and run back to the beginning of tlic 
cut to start another series 

A third system, which is useful where 
there are more scrapers than the pusher can 
readily handle, or where the dirt can be 
moved in two directions, is outlined in (C). 
Each scraper is loaded moving in the oppo¬ 
site direction from the previous one, so that 
the pusher need only turn around to be in 
position for the next push, instead of hav¬ 
ing to move back to a starting place. 

A pusher should have as many scrapers 
as it can conveniently handle, but it is diffi¬ 
cult to maintain a proper proportion be¬ 
cause of changes in the length of haul. Two 
pans might keep a pusher busy on a very 
short haul, where a do*en might not work 
it steadily on a long run. 

It is more economical to keep a pusher 
partly idle, than to have scrapers delayed 
for lack of one. 

Where there are more units than a pusher 
can service so that one or more are wasting, 
and it is not possible to shift any to longer 
runs, it may be wise to have the more 
powerful tractors or those w r ith the shortest 
runs to load without assistance, so that 
all can be kept moving, although with a 
smaller average yardage. 

fn many soils a level load can be ob¬ 
tained in a fraction of the time required to 
add a heap to it. It may be more economical 
not to insist on the heap, particularly if the 
haul is short. 

Soil and siope conditions being equal, 
loading time and the size of load in a 


particular pan arc determined by the power 
applied to it, regardless of whether that 
pow r cr comes from one, two, or three trac¬ 
tors. Ordinarily, crawler tractors are 
teamed with pans which they can load with¬ 
out assistance, where rubber-tired tractors 
pull units which are too large for self-load- 
ing. 

However, when crawlers are to be used 
for Jong runs without heavy grades, much 
larger pans may be used, and loading 
helped by pushers or steep down grades. 
Lessened loading efficiency and cost of 
operating a pusher arc more than compen¬ 
sated by the increased yardage on each trip. 

Loading time may vary from a few sec¬ 
onds to several minutes. 

Routers. If the soil is so hard that 
scrapers will not load properly, or excessive 
pusher or snatch tractor power is required, 
rooters should be used. If the cut is not 
a busy one, a rooter may be towed by a 
dozer which also docs pusher work and 
tidying up, although the attempt to combine 
these jobs can result in inefficiency in all of 
them. 

One, two, or three teeth may be used. 
One will provide maximum power to pene¬ 
trate and to loosen, but will process only a 
narrow strip. Two outside teeth will double 
the width of the strip worked, will normally 
provide coarse breakage, and, if equal pen¬ 
etration is obtained, will halve the number 
of trips. Three teeth provide the same width 
as two and will make finer lumps. 

Large scrapers can often load coarse 
material better than they can fine* but less 
dirt may be carried in the same size load. 

If the soil is plastic, the tractor should 
not walk on previously broken ground, nor 
should scrapers be allowed on it except to 
dig, as compaction may make the soil 
nearly as tight as before ripping. 

Trimming Hanks. Successive cuts are set 
back from the edge to provide proper slope. 
Scrapers will not cut vertical walls but will 
leave very steep faces. 
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Fig. 8-20. Sequence of shovel cuts 


Slopes between l on J and 1 on 4 are 
usual in soil cuts. If [he semper takes a six 
inch slice, a I on 2 slope would require 
each pass to be a foot inside the last. If 
1 on 4 ( it would be spaced two feet. 

The steps are best trimmed to a smooth 
slope by a grader working on the floor. The 
excess material is cut and slides to the bot¬ 
tom to be removed by the scrapers. 

Ef trimming is done with a scraper, one 
rear wheel should be on the bottom, the 
other on the slope, [f it is steep, the tail¬ 
gate should be carried well forward so 
that loosened dirt wi 1 slide downhill rather 
than enter the bowl. 

The cut should not be deepened %o far 
between trimmings that the grader cannot 
reach all the steps. This is particularly im¬ 
portant when the slope is so steep that it 
cannot be worked by machinery later. 

As the cut deepens, new slope stakes are 
placed. They are often set from the origi¬ 
nals with a string level, rule, and plumb 
bob. If driven in flush and marked with 


light sticks, a good grader operator can 
trim the bank without knocking them out. 

Finishing Subgrade. The bulk of a deep 
cut can be made without staking except for 
the slopes. As it approaches bottom, how¬ 
ever, grade stakes should be set, and dig¬ 
ging done with sufficient care to avoid over¬ 
cutting and resulting need for patch fills. 

Good scraper operators can hit a grade 
within a fraction of an inch if the soil is 
smooth, but it is often better economy to 
have them run a rough grade and go on 
to other work while a grader finishes up. 
Ihe grader will probably be required to 
cut and shape gutters, in any event. 

The road, or the shoulders, are some- 
nines overcut to allow space for spoil from 
ditches. If this is not done, ditch cuttings 
may be windrowed on the road for later 
removal. 

SHOVEL CUTS 

Through cuts are made by dipper shovels 
and trucks when the original surface can¬ 
not be readily leveled for scraper operation, 
when the ground is rocky or wet, when the 
fill is too soft or too narrow for surface 
dumping, and when the haul is too long 
for scrapers. 

In general, shovels do best in banks that 
are about as high as their shipper shafts. 
Soft, sliding banks of sand or grave! pro~ 
vide best digging when they are very high, 
but there may be danger from slides. 

If the cut is considerably deeper than 
the favorable bank height, it may be taken 
in two or more layers or benches. On 
through cuts with a fairly level cross sec¬ 
tion, as in Figure 8-2o'(A), the top is 
removed first. On stdehills there is an op¬ 
tion of taking the top first, as in (B), or 
cutting the toe, then the top, then the floor 
of the upper cut, as in (CL 

It is first necessary to build a haul road 
between the start of the shovel cut and the 
fill. Most of this may be already provided 
by highway* or construction grading. It 
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should be wide enough for two trucks, al¬ 
though for short or small jobs, one lane 
with turnouts may be adequate. Slope up 
to the shovel should not be over fifteen per¬ 
cent, although in special eases, grades up 
to 35 percent have been. used. 

If no natural turnaround exists at the 
start of the excavation, and the grade is 
easy, trucks may be backed in at first. As 
excavation progresses, the pit floor will 
provide turning space. 

The roads in (B) and <C) are usually 
cut by dozers. They allow" a rotary move¬ 
ment of one-way traffic past the shovel on 
its first cut on each level. They eliminate 
the necessity of turning at the shovel in 
cramped quarters. However, they may be 
too expensive or inconvenient to build. 

When there is no through road, the 
shove! starts each level by taking as wide 
a cut as it can reach, us in Figure 8-21 (A ), 
to allow space for two-way traffic, turning, 
and spotting two trucks at a time. Subse¬ 
quent cuts are made about half as wide, as 
in (B), to facilitate loading and truck 
movement. 

If the cut floor is soft, it is the best prac¬ 
tice to use a dragline working from the top. 
However, if none is available, or the digging 
is too hard for it, the dipper shovel may 
work from supporting platforms and have 
a gravel, stone h or other road built behind 
it for the trucks. If it is working on the 
bottom level, the road can be left to facili- 
tate surfacing work. 

A busy shovel should have at least oc¬ 
casional help from a dozer, which can level 
the pit floor, clean up spilled dirt, get 
boulders out of Ihe way, and assist stalled 
trucks. Even if the shovel can handle the 
operation without assistance, it will pro¬ 
duce more if it needs only to dig> 

A shovel cut should be started on the 
low side of the grade, and worked uphif 
so that it will drain. The floor should be 
shaped carefully to avoid excessive working 
over. 




Fig, 8-21, Through and sidecuts 


STAKES 

Figure 8-22 shows the names of various 
parts of the road structure and some of the 
stakes which serve as guides. 

Centerline. The road is first staked along 
the centerline at 100 foot intervals. Each 
stake is called a station. It is marked on 
the front with the distance in feet from the 
first, or zero, stake. This figure is divided 
by a plus sign into station number and dis¬ 
tance beyond that station. Five hundred 
feet from zero would be station 5 -I- 00- 

Other center slakes may be set for closer 
control on curves or grades, or to mark 
changes in soil character, land slope, or 
intersections. A stake 545 feet from zero 
would be station 5 + 45. 
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Fig. H-22 . Grade and location stakes 


If the line should be extended to the 
other side of the zero point, minus stations 
would be used, as — i +■ 45* 

Side. Trial centerline stakes may be set 
cither from plans or by eye. When the loca¬ 
tion is approved* side stakes are usually set 
to aid in the estimating and construction. 
These may be shoulder, gutter, slope, and 
reference slakes, the locations of which 
are indicated in the figure* 

Each slake should be marked to indicate 
its location, but when (his is obvious* as is 
often the case on large jobs, it may be omit¬ 
ted, Centerline is indicated by the symbol 
dL. or or ^ * On other stakes, the loca¬ 
tion or its abbreviation may be written. 

A side stake's distance from the center¬ 


line may be indicated by the low figure on 
(lie back* or cut or fit! side, or by a figure 
on the front, below the station if marked. 
The direction should be indicated by the 
letter R for right, or L for left. Such direc¬ 
tions for plus stations are read looking from 
the zero stake, 

in some localities 25-R would mean 25 r 
right of the centerline; in others that the 
centerline was 25" right of the stake. 

Side stakes are set on lines perpendicular 
or radial to the centerline. 

Grades, Grade markings indicate the cut 
or fill required to bring the ground surface 
down to or up Eo the grade required by the 
plans, Center and shoulder stakes usually 
indicate vertical cut or fill; slope stakes in- 
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dicate vertical distance to road level. Cue 
is indicated by the letter C, till by F* 

If a slope stake indicates a cut of four 
feet* and the slope is one on two, the de¬ 
sired shape is a straight line from the base 
of the stake to a point eight feet nearer the 
road center, and four feet below the stake. 
The slope stake should also indicate the 
distance to the center of the road. If the 
road and gutter width is known, the slope 
can be calculated from the stake’s depth 
and distance figures. 

Cuts and fills may be figured from the 
base of the stake (ground level), from its 
top, or a line drawn on it. Any basis except 
ground level is confusing to operators and 
may cause serious mistakes. However, 
ground level should be marked in case soil 
falls away or is added without disturbing 
the stake. 

If the fill is less than the height of the 
stake* the grade may be marked directly 
on it with crayon. It is an excellent prac¬ 
tice to tie a rag around the mark to make 
it readily visible to the operator. 

Shallow cuts may be marked temporarily 
with rags a specified distance, as one or 
two feet, above grade, so that operators 
will not have to dismount to read the fig¬ 
ures These should be a different color to 
avoid confusion with the fills. 

A great number of rags can be made of 
one old sheet by tearing it in narrow strips. 
If none is available, unstcrilized one-inch 
bandage can be bought quite cheaply lor 
the purpose. These cloths are easily dyed. 

When the grade is near finish, stakes are 
driven at shoulder lines + and at as many 
intermediate points as are desired, so that 
their tops are at grade. These tops are col¬ 
ored with crayon, usually blue, and the 
stakes are known as blue lops It is a 
good plan lo mark any which arc buried 
with a fight marking slake which can be 
bladed oil when it becomes unnecessary. 
Operators should exercise great care 
when working around stakes as they arc 


valuable, both as guides to correct work 
and in relation lo replacement cost. In gen¬ 
eral, an occasional stake can be replaced 
readily, sometimes without instruments, but 
a group of them may involve considerable 
work for snrveyois. 

Errors, A new set of stakes may not 
agree in grade or location with the missing 
ones. This difficulty might arise from an 
error in the original settings or in replac¬ 
ing them. A satisfactory road can often be 
built according lo an error, but seldom 
when right and wrong markings are mixed 
together. 

Stakes are accepted as correct until dis¬ 
crepancies are noted. If any stake appears 
to be out of line, or badly of! grade, it may 
have been moved or disturbed; it may be 
a base line or other marker* or a mistake 
may have been made in placing or marking 
it. 

When possible, the surveying crew 
should be recalled to check it. If this is not 
practical, the foreman may be called upon 
to use his own judgment about whether it 
should be re-measurcd. It should not be 
disturbed, however, unless absolutely nec¬ 
essary. as the suspected stake may he right 
and others wrong. 

Reference, All stakes standing on areas 
to be cut will be dug away, and those inside 
fill lines will be buried- In shallow cuts, 
stakes can be left temporarily in islands; 
and in shallow fills tong stakes may be 
used which will project from the top, unless 
they are knocked over* Slope stakes are 
liable to be undercut or buried- Any stakes 
are apt fo be moved by accidents, particu¬ 
larly if the ground is stony or frozen* 

It is therefore desirable to set reference 
stakes well outside the work lines to sim¬ 
plify resetting of the work stakes. Placing 
of these is described in Chapter 2. 

Surveyors usually have a base line which 
is partly or wholly outside of the roadway. 
The points in this may be more important 
than any stake in the road itself. Machinery 
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should not be allowed to wander around 
outside of the work area, except an places 
where there is assurance that there are no 
stakes, or where they are prominently 
marked or heavily guarded, 

FILLS 

Fills are made to bring a road or area 
up to a desired grade, to elevate it above 
water or drifting snow, to bury stumps or 
rocks, or to add strength to ground too un¬ 
stable to support road surface or traffic. 

Fill may be obtained by the removal of 
high spots or banks along the same road 
or project, by digging gutters or ditches 
alongside or near the fill, or by hauling 
from necessary excavation on other jobs, 
from commercial pits, or borrow pits 
opened just to obtain the fill, 

Nearby cuts on the same project are usu^ 
ally the cheapest source, as the digging 
costs and part of the hauling can be 
charged against the excavation. Also, exca¬ 
vation in adjacent hills will lower the grade, 
and thereby decrease the volume of fill 
needed to carry the road across hollows. 

Roads in hilly country are often engi¬ 
neered to balance the cuts and fills, so that 
all the material cut out of high spots is just 
enough to build up ail the low spots. How¬ 
ever, where the road crosses ridges of hard 
rock dose to the surface, good borrow is 
available nearer tills, or snow removal 
problems are severe, it may be advisable 
to keep cuts to a minimum and haul in dirt. 

Where very heavy hill cuts must be made 
without a corresponding need for fill, the 
surplus may be wasted in dumps off the 
road. This may be preferred to raising road 
levels to absorb the fill, because of the 
economy of a waste dump as compared 
with a compacted highway fill. Also, high 
fills may require purchase of extra road 
width (o avoid steep and dangerous side 
slopes. 

Cuts and fills on a road are sometimes so 
far apart that combining them would cost 


more than wasting spoil from the cut 
nearby, and getting the fill from borrow 
pits. 

Types of Fill. Any type of mineral earth 
or rock can be used as road fill, but clay 
and silt are generally undesirable. They 
soften when wet, frequently with changes 
in volume, and may act as a wick to bring 
ground water to the surface. Humus is 
avoided, particularly in its pure state, be¬ 
cause of lack of bearing strength and 
excessive water absorption. Topsoil, a mix¬ 
ture of mineral soil and humus, may or may 
not be permissible, depending on its quali¬ 
ties and its location in the fill. 

Sand and loose, clean gravel have excel¬ 
lent bearing power but afford poor traction, 
are hard to compact, and must be held in 
by other materials. 

The most desirable fills are mixtures of 
two or more simple types. Varying propor¬ 
tions of day, silt, sand, gravel, and stones 
are found in loams, boulder clay, and gla¬ 
cial till. Sand and gravel are most desirable 
when mixed wiffi enough clay or sill to 
bind them together. Various soil mixtures 
arc described in Chapter 3. 

Light soils with a high percentage of 
sand or gravel are desirable when work 
must be done in rainy places or seasons. 
They absorb and drain off large quantities 
of water, and do not get slippery easily. 

Moisture Content The water content of 
soils largely determines their behavior on 
a fill. Each soil has a best (optimum) water 
content which favors compaction. Less 
water will allow the grains too free motion 
in relation to each other, and more will 
permit soil to bend or creep away from 
pressure. 

A soil which contains too much moisture 
will develop a rubbery quality. It will move 
away from ihe roller, and when its weight 
has passed, spring back into nearly its 
original position. 

A loose soil may hold too much moisture 
for best compaction and still appear fairly 
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dry. When the grains are squeezed together, 
water films between them are displaced and 
tend to work up toward the surface render-* 
ing k wet. Tins condition may be cumula¬ 
tive through a number of layers of fill. 

Some compaction is accomplished by 
rolling a rubbery soil, and the operation 
warms the ground and brings moisture to 
the top so that dry ing is speeded up. 

If soil in the pit is too wet for the degree 
of compaction specified, it may be put 
through a drying kiln before being used. 

If the soil is too dry t it is watered by 
sprinkling wagons while being spread and 
rolled. 

Swell and Com paction. Undisturbed soil 
has generally been in die same position for 
long periods. The particles are well settled 
against each other, leaving little space. 
Natural cements may bind them together. 

When such a soil is dug or disturbed, it 
breaks up into chunks or grains which are 
thrown against each other in a disorderly 
arrangement, leaving air spaces or voids be¬ 
tween, This increases the bulk of the soil, 
and increases its ability to absorb and con¬ 
duct water. Such a loosened soil will turn 
to a very soft mud if soaked. 

The process of soaking and then drying 
will settle the grains together somewhat, 
reducing the voids. Repeated wetting and 
drying will cause it to shrink to about its 
original bulk. Freezing and thawing will 
accelerate this settlement, as will also the 
weight of traffic or additional fill. 

Compaction by Hauling I nils* Consider¬ 
able packing down of fill can be done by 
hauling and grading equipment. Ground 
pressure under loaded scraper tires may be 
thirty to forty pounds per square inch, and 
the kneading effect of these tires and the 
vibration of crawler tracks are quite effec¬ 
tive. 

However* compaction tends to decrease 
with distance from the cut, as all the HU 
material must pass over the near portion, 
and only a small fraction over the far end. 


In addition, it is difficult, sometimes impos¬ 
sible, to get the operators to vary their 
routes enough to give systematic rolling to 
the full width. Routes may have to be 
shifted by stationing one or more men along 
the way to tell or signal the operators where 
to go. or by the use of movable obstacles. 
It is usually inadvisable to have a heavily 
loaded unit break a new path in soft fill, as 
the power requirement and strain on the 
machine are excessive. Trail breaking 
should be done on the empty return trip, 
and loaded units then turned into those 
tracks. 

Excessive rutting may be avoided by 
having a whole strip rolled by empties be¬ 
fore using it for loads. 

If enough units are hauling to make col¬ 
lisions likely, the two directions of traffic 
should be separated, and their routes alter¬ 
nated as necessary * If two-way traffic can 
use the same rouie safely, ii can be gradu¬ 
ally shifted to the side. 

If a road fill is dumped loosely and not 
rolled T it may settle unevenly over a period 
of from six months to two years. Any sur- 
face placed on it during this period will 
be warped or broken. 

It is generally not convenient, and often 
not possible, to allow a long period for 
subgrade settlement. Also, it is very difficult 
to estimate the compaction a fill receives 
from traffic, or from rains, while building. 
This makes it impractical to finish grade 
with a loose fill and obtain the desired sur¬ 
face after settlement. 

These difficulties can be avoided by com¬ 
pacting the fill as it is placed. Rollers of 
various types arc used on thin layers of 
fill to squeeze the grains into even closer 
contact than they had in the bank. They 
are aided by the weight of grading and 
hauling units. Loam soils may be reduced 
to ninety percent of their bank volume by 
thorough compaction, 

A properly compacted fill should not 
shrink on exposure to time and weather. 
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so that it is theoretical!) 1 possible to put 
a permanent surface on it immediately. In 
addition, it has the highest hearing power 
possible to its particular soil type, so that 
wheels and tracks will not sink into it 
much, and speed and capacity of hauling 
equipment on it is increased, 

A compacted fill will not absorb rain 
water readily, so that the fill should re¬ 
main hard enough to work even after 
heavy rains. Whether the surface will be¬ 
come greasy depends on the clay content 
and the possible presence of a layer of dry 
tmcompacled dust before the rain. 

Rollers. There are three principal types 
of rollers—smooth sice! wheel, tamping 
or sheepsfooL and pneumatic tired. 

The smooth steel wheel models are just 
known as rollers. They are usually self- 
powered. Weights range from one and a 
half to over twenty tons. 

These are primarily finishing machines, 
and arc more often used on surfaces than 
subgrades. They have a high compacting 
effect at the top, but this diminishes rapidly 
with depth below the roll. Each layer com¬ 
pacted may have a light top and a less well 
packed bottom. 

These machines have little traction, and 
have difficulty on rough ground or steep 
grades. Special grid and segmented roll sur¬ 
faces improve performance on fills. 

Tamping Toilers are steel drums four 
to five feet long, and 40" to 6G" in diam¬ 
eter. which arc fitted with legs or lugs that 
project about seven or snore inches. Stand¬ 
ard practice is to use three lugs to every 
two square feet of drum surface. 

Leg* may consist of shanks with ex¬ 
panded feet, or lugs of round or rectangu¬ 
lar cross section* tapering from a wide base 
toward the end. 

With either construction, the feet will 
penetrate soft fill so that a large part of 
the weight will be carried on the sole, and 
compaction will begin beneath it. As the 
ground is compressed, the feet will not 


sink into it as far and the roller “walks out TP 
of the ground. 

The drums can be filled with sand or 
water ballast Sole pressures range from 250 
to 750 pounds per square inch. 

These rollers are towed by means of 
drawbars and box frames. Up to three may 
be mounted side by side, and two pairs 
may follow each other. Working speed is 
about 2.5 miles an hour, and power re¬ 
quirements in soft fills are heavy. 

Pneumatic tired rollers are ballast boxes 
supported by wheels with smooth tread 
tires. The wheels may roll straight * vibrate* 
or move up and down or wobble as they 
revolve. They compact by a combination 
of weight and kneading action of the soft 
tire walls. Weights vary up to more than 
80 tons. They can compact single fill layers 
as deep as 24 inches. 

Fill Rases. It is desirable that a fill be 
firmly bonded to the surface on which it 
rests to prevent formation of saturated 
stones, water channels, and possible sliding 
downslopes. This is usually accompli shed 
by removing vegetation and topsoil, and 
plowing ridges across any slopes. 

Methods of removing humus and other 
muds from the location to be filled, and of 
stabilizing such muds when removal is im¬ 
practical* have been discussed in Chapter 3. 

When the area to be filled is wet, rough* 
or otherwise impassable to machinery, the 
first layer is built by dump trucks and 
dozers to a height at least sufficient to carry 
the hauling units over the soft spots or 
obstacles. After a usable floor is estab¬ 
lished* additional layers may be added by 
use of trucks, scrapers, or any other haul¬ 
ing equipment. 

If the surface is uneven but passable, low 
spots may be built up first with compacted 
layers, or high spots removed, before the 
main fill is placed. 

Rock Scparjiion. Handling and compac¬ 
tion of fill material is rendered difficult by 
the presence of loose stone. 
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Fig, 8-23- Screening oversra rock from fiSI 

Rocks of even small sizes interfere with 
grading. Tf iheir diameter is greater than 
that of the fill layer, they will project from 
the top. If two or more rocks are in con¬ 
tact, they are liable to prevent even distri¬ 
bution and compaction of fill under their 
adjoining edges. 

For this reason, the size and number of 
rocks present in thin or layered fills arc 
often limited. This may be done by using 
selected borrow, or by putting bouldery 
material through a grizzly. 

The arrangement shown in Figure 8-23 
represents a minimum of equipment for 
screening- A truck on a high level dumps 
on a sloping grizzly, dirt falls between the 
bars into a truck parked below, boulders 
roll to the side. 

Qversize material may be allowed to roll 
directly into trucks, be loaded from beside 
the grizzly* dozed away from it to a stock- 
pile* or P if the grizzly can be located on the 
edge of an abandoned pit, allowed to ac¬ 
cumulate. 

One or two men are needed to free over¬ 
size stones stuck between the bars and to 
coordinate the trucks. If the stones are a 
substantial part of the bulk of the soil, 
smaller trucks may be used under the 
grizzly than on top of it. 

[f sticking of stones or sliding off of 
chunks of earth is much of a problem, a 
vibrating grizzly, or a standard grizzly with 


a vibrator bolted to it. may be desirable. 
The fiat slope illustrated is suitable only far 
loose soil and large openings. 

Ruck Fill* Various results arc obtained 
from all-rock fills. If the largest pieces are 
smaller than the depth of the fill, and sizes 
are mixed, including a good proportion of 
fines, a solid fill with a good surface may be 
obtained by pushing piles olf an edge with 
a bulldozer. Large pieces tend to move 
ahead and over the bank, while smaller 
ones drift under the blade to form a top- 
ping. 

If there are not enough small pieces to 
provide a working surface, finer material 
should be brought to fill surface holes and 
even off the top. 

Rocks too large to fit in the fill can be 
rolled ahead of it until a hole is found or 
is made to bury them, or they are reduced 
by splitting or blasting. 

Rock fills are generally almost incom¬ 
pressible. exceptions being when rock is 
soft or fissured, and very heavy weights are 
used. However, they are apt to be subject 
to only minor and local settlement* where 
fines arc shaken or washed into spaces be¬ 
tween rocks below them. 

Rock is desirable fill material for the bot¬ 
tom layer in crossing water or mud, as it 
is not softened by contact with water and 
spreads surface loads over large areas of 
the base. In such locations it may settle 
due to displacement or compression of the 
ground under it- 

The volume of fill is greater than the 
unbroken rock in the bank. The difference 
will vary with the quality of rock* type of 
fragmentation, and amount and kind of 
compaction. 50 per cent is a rule of thumb 
average that can be used except where 
there are indications to the contrary. 

If the rock must be used in the fill, it is 
best placed at the bottom. Unfortunately, 
rock is ordinarily the last material to be 
taken from a cut as soil is stripped prior 
to blasting. 
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SCRAPER FILLS 

The standard method of building a fill 
with drapers is to start with an area suffi¬ 
ciently leveled to allow the scrapers to 
travel on it, and to build it up in thin layers, 
starting at the outside edges, or at low 
spots. 

Spreading depth may vary from two 
inches to the maximum lift of the bowl— 
eight inches to a foot. Thin layers favor 
compaction, particularly if the scrapers are 
depended on for the rolling and facilitate 
smooth building up of the grade. Chunky, 
sticky, or rocky fill will not spread thin, or 
can be made to do so only by very slow 
travel during the dump. 

Thick spreading is liable to flow out of 
the bowl more smoothly; can be done at 
higher speedy and reduces the dump time. 
However, it tends to make a rough fill 
which will require slower travel speeds, or 
smoothing work with a dozer or grader. 

Edges. If a lilt is high, the edges may be 
troublesome and dangerous unless carefully 
made. The problems involved are keeping 
it at the correct toe alignment, proper slope, 
at full density or compaction, and not roll¬ 
ing any machinery off it. 

These problems are affected by the na¬ 
ture of the fill and by its height and slope. 

Loose fills of sand, clean gravel, or too- 
dry din tend to cave under the weight of 
machinery close to the edges. Finer grained 
fills may have excellent bearing power if 
well compacted and not too wet. How¬ 
ever, while being compacted, they tend to 
squeeze outward, and an allowance for this 
creeping must be made when placing die 
first fill so that it will not move out past the 
toe stakes. 

The behavior of the fill on edges may be 
anticipated by making soil analysis or by 
consulting with contractors or machinery 
operators who have worked with the same 
formation. 

Except for allowance mode for creeping 


under load, or spillage from above, which 
seldom should be more than a foot or two. 
the fill is started at the toe line and built 
up of layers, usually not over six or eight 
inches, loose. Each layer should be rolled 
with a tamping roller that is allowed to pro¬ 
ject slightly beyond the edge. For this pur¬ 
pose, two or more rollers should be fas¬ 
tened in a single yoke so that their width 
will be substantially greater dian that of 
the towing tractor, that should not have to 
walk on the edge. This is particularly im¬ 
portant with high banks and wheel tractors. 

If watering is required for proper com¬ 
paction, application may be somewhat 
heavier at the edge to allow for side evapo¬ 
ration, However, it should not be sufficient 
to make it soft or muddy. 

The fill should slope up at the edges in 
order to incline the center of gravity of the 
machinery Ioward the center and minimize 
the danger of caving. If the fill is narrow it 
will have a trough shape, and if wide* it 
will be flat with raised sides. 

This slope is most easily started by a 
grader or an angle dozer working over the 
hrst layer or two left by the scrapers. Once 
made, it will tend to preserve itself as the 
tilt will tend to make the inside wheels of 
the scraper sink deeper, [f it becomes too 
steep, it is readily reduced bv filling toward 
the center. 

If the job is shut down during any period 
when rain is expected, it may be wise to 
build (he fill up to a crow n in order to allow 
it to drain. This involves resloping the 
edges on resumption of work, and, if the 
work is done under exact compaction spec¬ 
ifications, may cause confusion in die 
treatment of the tapered layers required. 

Another treatment is to preserve the 
trough but so grade it that all water will 
How to selected low spots. Here ditches are 
dug through the raised edges, and troughs 
of metal or wood placed to lead the water 
down the slope. This is readily done in 
hilly country where most of the road is on 
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definite gradients, but not in level country. 

Such drain ditches may be made wide 
and gentle, so that they can be dug, back¬ 
filled, and compacted by machinery, or 
may be hand dug* refilled, and tamped. 

If the trough shape is left without pre¬ 
cautions, a center gully may be scoured by 
a heavy rain, a pond formed in low spots, 
and damage done to edges by overtopping 
and concentrated nmo(T. 

Scraper distance from the edge is de¬ 
termined by depth of spread and slope. If 
a slope is one on two, spreads arc six 
inches deep, and compaction is one third, 
each pass will be eight inches inside the 
previous one. 

If the edge is not firm enough to support 
scrapers at the proper distance to dump 
loads, they should be spread farther back 
and the dirt cast out to the edge by a grader 
or angling dozer. 

Additional slope stakes should be set 
as a high fill is built up to maintain the 
correct width, 

DRAINAGE 

Drainage is an important factor in the 
const met ion of most roads. Ground water 
must be kept far enough below the surface 
so ns not to damage it h or weaken the sub¬ 
grade directly or by supplying capillary 
water. Water failing on the surface of the 
road must be conducted off it, and run-olf 
or streams crossing the road must be pro¬ 
vided for. 

Frost Heaving. Capillary action in silt 
soils is largely responsible for frost heaving 
of pavements. This may occur when the 
ground freezes below the pavement level 
to the lop of a silty layer in contact with 
ground water. The water in the top forms 
an ice crust and capillary water feeding 
from below adds to it from the bottom. An 
ice lens of considerable thickness may form 
in this manner, pushing the pavement up 
as long as the temperature provides a bal¬ 
ance between the heat liberated by the ris- 
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ing and freezing water, and the loss of heat 
through the pavement. 

Deeper freezing may plug the circulation 
and stop the heaving, or cause formation 
of additional lenses at greater depths- 
Thawing will allow the lens to melt and 
liberate excessive water, and the broken 
pavement above it may collapse. 

Capillary water can be control led by us¬ 
ing a coarse, pervious fill under the surface 
to a depEh sufficient to provide necessary 
bearing power and to get below frost line; 
or by lowering ground water level and inter¬ 
cepting surface water which might enter the 
.subgrade. 

Raising the Grade* In swamps and low- 
lands, the only practical method of getting 
the road well above ground water is to 
build a high fill. If the base course can be 
made entirely of rock, it will break any 
contact between the water and the balance 
of the fill Glean gravel or coarse sand 
may serve the same purpose. 

Proper quality of fill can reduce the re¬ 
quired height substantially. However, it is 
often more economical to make a higher 
fill of inferior material obtained from road¬ 
side ditches, as in Figure 8-24 (A), and h 
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Fig, 8-25. Borrowing road fill from sides 


is often possible to lower the water level by 
the same operation. Draglines are generally 
used h but dipper dredges may be preferred 
when much of the land is under water, or 
it is interacted by numerous channels. 

Either machine may work along the 
ditch lines, piling spoil toward the center, 
as in (B) + The dragline will work away 
from the cut, as shown, but the dredge will 
float in it. 

If a dragline has a sufficiently long boom, 
it can travel on the road centerline, and 
dig both ditches and pile ihe spoil in one 
pass, as in (D}. 

Road fill may also be obtained by ditch¬ 
ing in dry flatlands where the road is to be 
raised above floods or snowdrifts. In such 
circumstances elevating graders may be 
used as shown in Figure 8-25 T or dozers or 
scrapers. 

Tiling, In sloping land, it is usually more 
economical to lower the water table by 
drainage. The standard method. Figure 
8-26, is to put shallow ditches to carry sur¬ 
face water through cuts (A), and, if nec¬ 
essary, to place porous tile or other drains 
f B) two to three feet deeper in foam soils. 

Silt or clay deposits may require a drain 
depth of as much as seven feet, but in such 
a case better results may be obtained by a 
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normal drain depth and by the use of a 
layer of pervious material under the road. 

The design of subsurface drains must be 
carefully adapted to the requirements of 
the particular job. The ground may drain 
naturally so that no work is necessary. 
There may be a saturated condition that 
could be relieved by providing a drain 
through an impervious barrier (C) + or by 
cutting olT the source of water (D). There 
may be springs or seepage rising under the 
road which would require center or lateral 
drains (E) and (F). Such drains may also 
be required to take off water soaking 
through a porous road surface. 

When the ground is generally dry and 
firm, but has local springs or seepage, the 
wet areas should be dug well below the 
intended drain, and backfilled with stones 
and clean gravel, topped with sand. The 
drain itself may be any type of pipe, laid at 
the lowest convenient level, and opening 
into side drains, a catchbasin, or a gutter. 

The rock fill directs the water toward the 
pipe and reduces or eliminates softening of 
adjacent areas. 

1GB STUDY 

Road construction may involve clearing 
vegetation; stripping and storing of topsoil; 
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excavating soil and rock to cut natural 
levels to road grades; hauling the spoil to 
road fills or waste dump, building cul¬ 
verts, bridges, and drainage systems; rais¬ 
ing low areas to road grade by fill obtained 
from highway cuts or borrow pits, and fin¬ 
ishing, topsoiling, and seeding of slopes; 
and cleaning up the work area. 

Usually, this work must be accomplished 
within a time limit* It is desirable to get 
the maximum number of machines and 
men on the job as soon as possible after 
the start, but it is more important to keep 
them efficiently employed once they are 
there. 

Sequences. When time permits, it is often 
desirable to perform complete operations 
in sequence, If an entire work area is 
cleared, it will usually be easier to arrange 
dirt moving sequences than if the excava¬ 
tors have to be limited to a few small sec¬ 
tions, Culvert construction should be com¬ 
pleted before fills arc raised high enough 
to go over them, unless they are to be in¬ 
stalled by ditching the completed subgrade. 

Liberal areas of rock should be cleaned 
before drilling starts. Pioneer bulldozer 
work should be well advanced before 
scrapers operate. 

If the schedule is close, delay in one op¬ 
eration will delay others that have to wait 
for it, which may be more costly in ma¬ 
chine and man time. These secondary de¬ 
lays are much more serious when maximum 
amount of equipment is crammed into a 
job than when a few units are doing it over 
a longer period. 

Basic Factors. Basic factors to be con¬ 
sidered in figuring grading for a road may 
include: 

1. Clearing costs. 

2. Topsoil stripping, storage, reclama¬ 
tion, spreading, and planting, 

3. Amount and type of soil excavation 
in cuts or borrow pits, 

4. Amount and type of rock excava¬ 
tion. 






Fig, S-26. Road subdrainage 

5. Availability of suitable borrow and 
cost of purchase, 

6. Haul road construction and main¬ 
tenance, and length of hauls. 

7. Quality of fill required, and process¬ 
ing required of material from cuts 
and pits. 

8. Fill compaction, shrinkage, and dis¬ 
posal of surplus. 

9. Slope finishing and protection. 

10. Ground water conditions and drain¬ 
age requirements. 

11. Structures such as bridges, culverts, 
and retaining walls. 

12. Possession or availability of proper 
machinery, with necessary parts and 
supplies. Extra costs of using sec¬ 
ond-choice or beat-up equipment, 

13. Availability of construction supplies 
such as pipe, forms, etc. 

14. Labor supply. 

15. Weather—rain, snow, ice, dust, fro¬ 
zen ground, frozen equipment, mud. 

16. Time of completion of related struc¬ 
tures such as bridges, being built 
under separate contract. 

In highway work, the amount, kind, and 
location of cut, borrow, and fill, and the 
length of haul, may be specified, Haul may 
he described as “normal*’ or free, up to 
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a certain distance, which may be 300 to 
1000 feet, and longer hauls called '"over¬ 
haul.” Excavation may be described as 
41 unclassified/" or divided into rock yards 
and dirt yards. 

In less formal jobs, these factors may 
be indicated only approximately, or may 
be Figured by the contractor from grade 
or route plans. 

Casual Estimating. Where cuts and fills 
are shallow, and side slopes lacking or 
moderate, grading can often be estimated 
fairly accurately by inspection of centerline 
stakes. The exact yardage is sometimes not 
of primary importance, as stripping topsoil 
and working over a piece of ground repre¬ 
sents an amount of machine time that may 
be only moderately increased by the cuts 
and fills. 

Several errors must be watched for, how¬ 
ever, Cuts and fills on the stakes may be 
figured from the top of the stake, from 
ground level, or from a lire on the stake. 
The grade indicated may be suhgradc, in 
which case it is taken at face value, or finish 
grade when the depth of base courses and 
of surfacing must be added to the cuts and 
subtracted from the fills. The width to be 
figured on is not only the road and shout- 


and side profiles 

ders + but also gutters and slopes. The depth 
of topsoil to be stripped is subtracted from 
the cuts, added to the fills, and is con¬ 
sidered separately as an important cost 
factor. 

When cuts or fills arc deep, side slopes 
exists topsoil need not be stripped, or when 
the job is large, yardages should be care¬ 
fully calculated, If this is not done on the 
plans, the contractor can do il for himself. 

YARDAGE CALCULATION 

Center Profile, The minimum staking for 

a road is the centerline. When this is done, 
a profile is taken, showing the elevation of 
the ground at each stake. These elevations 
are plotted on cross section paper, usually 
with the vertical scale ten times the hori- 
2tmtai + and the points connected by a line. 
A profile for the road is then sketched in 
according to the standards of grade and 
vertical curve required* or from some pre¬ 
viously formed plan. This line should repre¬ 
sent the subgrade before the addition of 
any imported material. 

Distances measured from the road line 
to the ground line will indicate the depths 
of cut and fill required to establish the 
road grade, ff topsoil is to be stripped, its 
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depth should he added to the fills and sub¬ 
tracted from the cuts. 

If the ground does not slope across the 
line of the road, this type of profile, shown 
in Figure 8-27 (A), should give a reason¬ 
ably accurate picture of the relative volume 
of cuts and fills, and the distances they 
arc to be moved. However, to obtain yard¬ 
ages, cross sections usually must be cal¬ 
culated, as described below. 

Side Profiles. If die road is laid out on 
side hills, side slakes and slope stakes may 
be set. The side stakes may be at the edge 
of the pavement, at die outer edge of the 
shoulder, or the far side of the gutter, if 
any. In general, the shoulder or the gut¬ 
ter locations are preferable. Slope stakes are 
placed where the intended cut in a bank 
reaches its top, or at the outer, base edge 
of a proposed fill. These are not placed 
until cross sections are calculated. 

If the side stake elevations are plotted 
in the same manner as the centerline, two 
additional profiles can be drawn, as in (B). 
These will give additional information 
about the bulk of material to be moved, but 
since they often do not include cuts for 
gutters, and cannot show the volume which 
must be dug or filled for side slopes outside 
the road lines, they are not an adequate 
basis for careful calculation. 

Cross Sections. A cross section is a pro¬ 
file taken at right angles to the line of the 
road. It is at least long enough to include 
the full width that will be graded. Such pro¬ 
files are sometimes taken with hand or 
string levels. They niay be taken at each 
100' station, plus points where the ground 
surface changes, or, in smooth terrain, less 
frequently. 

This cross profile is also drawn on cross 
section paper, preferably on the same ver¬ 
tical scale as the center profile. Horizontal 
scale may be the same as vertical, or at 
any convenient proportion to it. The cross 
section of the road subgrade is drawn in, 

A number of such cross sections are 
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Fig. 8-28, Cross sections 

shown in Figure 8-28, together with the 
cut and fill for each. 

Wherever the ground line is above the 
road line, there will be a cut; and where 
the road line is higher than the ground 
line, there will be a fill, If topsoil is to be 
stripped and saved, it may be well to lower 
the ground line by the depth of the topsoil 
to save confusion. 

The most convenient way to measure the 
areas of cut and fill is by counting squares 
and fractions of squares. If a lot of work 
is to be done, areas can be measured by 
means of a planimeter. 

Fill .Shrinkage. When fills are rolled to 
the compaction required in modem high¬ 
ways, the material is often compressed into 
a smaller space than it occupied in the 
bank. This shrinkage should be allowed for 
in figuring cross sections. Loam soils often 
shrink 10percent, clean sand 5 percent or 
less, and blasted rock, not mixed with other 
dirt, will show a minus shrinkage, or swell. 

Compaction by hauling equipment with- 
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om rolling is variable and will seldom cause 
shrinkage. 

The examples in Figure 8-28 use a 
shrinkage factor of 10 percent, but the fig’ 
ure selected should depend on job condi¬ 
tions. 

Met Cut or Fill. On side hills, one sta¬ 
tion is likely to include both cut and fill:. 
The smaller amount is subtracted from the 
larger, giving net cut or net corrected fill. 

Concerting to Cubic Yards. The net 
square yards of the cross section are con¬ 
vened into cubic yards by multiplying by 
the length of the road it represents. If sec¬ 
tions arc taken m 100 foot intervals, each 
will represent a piece 100 feet long, that is. 
halfway to the next section, on each side. 

If a special section is taken 40 feet from 
a 100 foot station, it wilt cover 20 feet on 
one side and 20 on the other—a total of 
50 feet. The adjoining sections will be re¬ 
duced proportionately. 

When the 100 foot interval is used, it 
represents 33 Va yards. It is easier to multi¬ 
ply the section square yards by 100, then 
divide by 3, than to multiply by 33^. 

The net cut and net fill figures, when 
converted to cubic yards, are used in mak¬ 
ing a mass profile. The gross cut figures are 
converted to cubic yards, in the same man¬ 
ner, to determine the total excavation, 
exclusive of topsoil. 

Topsoil volume is figured by multiplying 
the length of the road, the average width 
to be stripped as indicated by the cross 
sections, and the average depth. 

Cubic yards of net cut are added to¬ 
gether and compared with the total of net 
fill yards, to determine whether extra fill 
wifi have to be obtained from pits; or 
whether fill will have to be wasted outside 
the road area. 

Mass Profile. A mass profile is prepared 
by drawing on cross section paper a straight 
line to indicate the road grade, dividing it 
into stalions, and posting cubic yards of 
net cut above it and net corrected fill below 
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it, on any convenient scale, It is sometimes 
helpful to draw in blocks representing the 
fill at each station as in Figure 8-29, 

A curved line, the mass profile, is drawn 
connecting the station points. The amount 
of net cut or net fill at any point along the 
road can now be scaled off, as well as the 
haul distance between cuts and fills. 

The haul distance is measured between 
the centers of mass, or centers of gravity, 
of the cut and fill. The longer and shorter 
hauls should average out. 

Mass Diagram, Many engineers prefer to 
use the mass diagram shown in (B). A 
straight base or zero line is drawn on cross 
section paper, and marked off for road sta¬ 
tions, and plus and minus yardages in the 
same manner as for the mass profile. 

Points are plotted for cumulative or total 
yardages, starting at zero station. Points arc 
placed half an interval farther to the right 
than the station they represent, as the full 
yardage figured for each station is not ac¬ 
cumulated until the end of that station 
block. 

At station 1 + 50, the minus yards of 
fill for station I + 0 is entered, At station 
2 + 50, the total of the fill for stations 
I + 0 and 2 + 0 is posted, and at 3 + 50, 
the total fills for stations l. 2 and 3. 

When a cut is reached, at 4 + 0, the cut 
yardage is subtracted from the accumulated 
fill so that the line turns up. This line, 
called the mass curve, crosses the baseline 
when accumulated cut equals the accumu¬ 
lated fill, and continued cuts raise it above 
that line, until a fill is reached and pulls 
it down. 

In short, wherever accumulated fill, start¬ 
ing at zero station, exceeds accumulated 
cut. the mass curve will be below the base. 
If there is an excess of cut, it will be above. 

The mass curve line does not show total 
yardages of either cut or fill, 

lhe points of loops which are farthest 
from the base line indicate changes from 
cut to fill, or fill to cut. They also represent 
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Fig. 8-29. Mass profile and mass diagram 


tbe total net yardage to be moved from 
cut to fill along the road line, but disregard 
sideeast material. 

Any horizontal line drawn on the dia¬ 
gram is called a balance line- The yardage 


between any two places at which it inter¬ 
sects the curve have a balance of cut and 
fill The baseline will often serve as a 
balance line, as in the illustration. 

The centers of mass of a cat or fill can 
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be found by drawing a vertical line from the 
outermost point of a loop to the balance 
line, A horizontal line is drawn through the 
center point of this vertical. Its points of in¬ 
tersection with the sides of the loop are ap¬ 
proximately at the center of gravity of the 
cut and the fill for that balance line. 

A single balance line may be used for 
the whole road. Any pari of the mass curve 
which extends beyond the last balance point 
to the first or last station of the road, will 
represent yardage to be borrowed, if it is 
below the base; or to be wasted, if it is 
above. 

A loop above the balance line indicates 


fill movement to the right in the diagram, 
and below it to the left. 

Any number of balance lines can be used 
so long as they end in points on the mass 
curve, and do not overlap. The vertical dis¬ 
tance between two balance lines represents 
borrow or waste in the part of the curve 
connecting them. 

The mass diagram is a very flexible and 
useful aid in studying yardage distribution. 
However, it is so confusing to persons not 
accustomed to this type of computation that 
the average contractor working out such 
a problem may do better to use a mass 
profile. 
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For ihc purposes of this chapter, rock is 
defined as any material which requires 
loosening by explosives in order to be dug 
economically by available machinery. 

PURPOSES OF ROCK 
EXCAVATION 

Surface excavation of rock is done chiefly 
for the following purposes: 

1, Stripping—the removal and wasting 
of anv type of rock or dirt in order to un¬ 
cover valuable layers. 

2, Cutting—removal primarily to lower 
the surface. In road and airport construc¬ 
tion the spoil is generally used for fill else¬ 
where on the project- In ditching, it is often 
used for backfill after installation of pipes, 

3, Quarrying or mining—excavation of 
rock which has value in itself, either before 
or after processing. A rough distinction can 
be made between these two in that quarries 
aie ordinarily concerned with the physical 
characteristics of the stone, and mines with 
its chemical composition. However, the 
terms will be used interchangeably in this 
discussion. 

One excavation can involve ail three 
classifications, as in a heavy road cut where 
some material is wasted, some is used for 
road fill, and the best rock is crushed and 
used for aggregate. 

Blasting"may be divided into a primary 
operation in which rock is loosened from 
its original position in bulk, and secondary 


work which consists of reducing oversize 
fragments, and breaking back ridges and 
spurs. The latter is done in the same man¬ 
ner as other light blasting, such as breaking 
boulders and chipping out ledges. 

Rock work may also be classified as to 
the type and fineness of breakage required. 
Quarrying of building or dimension stone 
involves loosening large solid pieces from 
the parent rock, while blasting for fill or 
crushed rock requires pieces small enough 
to fit in the shovel bucket, the fill layer, 
or the crusher. 

Stripping, In most stripping work, the 
spoil has no value so that the cheapest way 
of handling it is the best way. It is usually 
possible to dump it itl excavated areas from 
which the pay material has been removed. 

It is common practice to shoot and dig 
overburdens up to a hundred feet deep in 
a single layer, and the use of the largest 
shovels and draglines is required for such 
work. 

Drilling may be done horizontally from 
a facc T as in Figure 9-1 (A), vertically 
from the top, as in (B), or in combination, 
as in (C). 

Horizontal drilling has its best use 
when the mineral deposit is immediately 
under soft rock. Auger type drills with ex¬ 
tensions six to ten feel long, and diameters 
of about five inches, are used. These have 
a tendency to drift downward, and since 
distances of thirty to seventy-five feet are 
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Fig. 9-J. Horizontal and vertical drill hole* 

commonly drilled, it is necessary to start 
them several feet above the deposit, or 
to start them at a slight upward slant. 
Spacing may be ten to thirty feet. 

If the mineral is coal, it is important 
that charges be sufficiently high above it, or 
light enough so that it will not be crushed 
by the blast. 

If there is any considerable amount of 
hard rock such as limestone or sandstone in 
the overburden, vertical drilling is required. 


Churn type drills with bits from four to 
twelve inches are generally used. Burdens 
from 25 to 50 feet and spacing* from 25 
to 35 feet are common. Holes are stopped 
a few feet short of contacting the coal to 
avoid shattering it with the blast. 

Scrapers are sometimes used to remove 
most of the loose soil before drilling. This 
saves a considerable drilling footage, makes 
casings unnecessary, and, on low and me¬ 
dium faces, makes possible the use of 
wagon drills, 

!f the pit area is to be regarded when 
work is completed, the scrapers can be used 
to fill the hollows between the piles left 
by the shovels, or to place topsoil over 
regraded areas. 

Because of the tremendous size and 
power of the excavators used in large pits, 
the blasting need only shake up, crack, and 
loosen the overburden without producing 
fragmentation comparable to that required 
in a cut or quarry. Wide spaced holes and 
light charges can therefore be used success¬ 
fully. 

Highway Cuts. Rock cuts for highways 
may be of the through type. Figure 9-2 
(A), and the side hi! I (B). Material from 
a sidehlll cut may be thrown down to make 
a fill, as in (C), 

The area to be cut should first be 
cleared and stripped of loose soil, and pref¬ 
erably of rotten rock. This may be done 
with dozers, scrapers, or shovels, depend¬ 
ing on the conditions and ibe equipment 
available, 

U the rock is soft, its upper surface may 
be loosened with rippers and removed h 
along with any dirt pockets it may contain. 
If it is hard and irregular* extensive clean¬ 
ing by hand and with small equipment may 
be necessary. It is desirable to remove all 
loose dirt, particularly if the rock h to be 
used as crusher aggregate for mad top 
ping. 

When water and disposal areas are avail¬ 
able, hydraulic cleaning with contractors' 
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Fig* 9 ~ 2 . Through and sidehiil cuts 


pumps and fire hose or with special equip 
merit may be used. 

If cleaning is not practical over the whole 
area, the spots to be drilled can be cleaned 
individually. The top layer may then be 
drilled, shot, and removed for fill, and any 
dean rock required can be obtained from 
lower levels. 

If the cut is twenty fcei or less in depth 
it may be taken in a single layer, but depths 
of 12 to 15 feet are generally considered 
most satisfactory for wagon drilling and 
removal by one to two and a half yard 
shovels. 

Jn a through cut, the full width is used 
as a face to provide maximum space for 
machinery. On a sidehiil, the same tech¬ 
nique or one or more bench faces parallel 
with the centerline may be used. 

Degree of fragmentation required is de¬ 
termined largely by the depth of fill layers 
where the spoil is used. 

Miniitg and Quarrying, Pit operations 
arc largely conducted to obtain certain 
classes of rock or earth. The general aspects 


of this work will be discussed in the next 
chapter. 

Rock excavation may follow' highway 
techniques in exploiting comparatively nar¬ 
row or irregular veins; or large scale strip¬ 
ping work may be necessary to make pay 
rock accessible. 

Pits arc often distinguished by the use 
of high and wide faces; or holes sunk be¬ 
low surrounding grades, with access by 
ramps or inclined or vertical hoists. 

It is advantageous to have the face wide 
enough so that several operations can be 
carried on in different sections with mini¬ 
mum interference. 

The fineness of fragmentation which 
must be obtained by blasting is generally 
determined by the size of the hoppers or 
grizzlies on the crushers or processing nia 
chines. 

EXPLOSIVES 

General Properties* Commercial and 
military explosives arc chemical compounds 
or mixtures* which can be decomposed 


9-1 






EXPLOSIVES 


quickly and violently. They may break up 
by a process of rapid burning {deflagra¬ 
tion), or almost instantaneously (detona¬ 
tion ) H tn either case, the original solid or 
liquid chemicals are largely changed into 
gases, which have a much greater volume. 
Heat is generated by the change, and serves 
to expand the gases still further. 

There are a number of properties of ex¬ 
plosives to be considered when selecting 
them for a job. These include sensitivity, 
strength, density, velocity, water resistance, 
fumes, perishability, price, and availability. 

Sensitivity is a measure of the ease with 
which a substance can be caused to ex¬ 
plode and its capacity to maintain explosion 
through the length of the borehole. This 
factor is also important in determining 
whether a particular explosive can be safely 
used. 

Most commercial explosives are in an 
intermediate classification, being less sensi¬ 
tive than some of the compounds (such as 
nitroglycerin) from which they are made, 
but being less stable than military explo- 
sives. 

Strength is the energy content of an ex¬ 
plosive in relation to its weight. Density 
is the volume of the explosive in proportion 
to its weight. Both these properties are 
chiefly used in classifying dynamite. 

Velocity is a measure expressed in feet 
per second of the speed at which the burn¬ 
ing or the detonation wave travels through 
an explosive It varies from 1,000 to 3 t 000 
feet per second for black powders to 23 T - 
000 feet per second for blasting gelatin. 

Low velocity explosion has a heaving 
and separating effect, while high velocity 
crushes and shatters. 

Water resistance is an important factor 
in wet rock* and varies not only with the 
character of the explosive, but the manner 
in which it is packed and wrapped. Manu¬ 
facturers are increasingly able to put water 
resistance in the explosive rather than in 
the wrapper. 


The gases resulting from explosions vary 
in toxic and irritating qualities. This is very 
important in underground work, particu¬ 
larly if ventilation is poor. Explosives are 
rated by the manufacturers according to 
fumes, as excellent, good, fair, and poor. 

Explosives vary widely in the length of 
time they can be kept under various con¬ 
ditions before deterioration makes them 
dangerous or useless. Dynamite was for¬ 
merly damaged by freezing, but this diffi¬ 
culty has been entirely overcome. Spoiling 
may be a serious factor if use is subject to 
delay, particularly in hot wet weather. 

Different dynamites vary widely in price, 
and the most economical type for a certain 
use is often in the higher brackets. In other 
words, a dynamite should be selected on 
the basis of final results, rather than first 
cost. 

tn many areas, very few types of explo¬ 
sive may be available, and because of the 
complications of shipping, delivery of spe¬ 
cial orders may be delayed weeks or 
months. Under such conditions, use of the 
standard dynamite may be advisable even 
if it is not exactly suited to the job. 

If special explosives are purchased from 
a contractor or a quarry* it may be neces¬ 
sary to handle the transaction through a 
dealer in explosives to comply with slate 
laws. 

Permissible dynamites are those ap¬ 
proved by the U, S, Bureau of Mines for 
use in gassy and dusty coal mines. Their 
most important feature is minimum flame 
in the explosion. 

Black Powder* The explosives which ex¬ 
p-lode by burning, are called 'low explo¬ 
sives.'' Black powder is the only commer¬ 
cially important member of this class, and 
h the oldest explosive known. 

Black powder is ordinarily composed of 
sodium nitrate, sulfur, and charcoal, finely 
ground and combined in grains of various 
sizes. The grains are then coated with 
graphite or other glazing to make tt free¬ 


st 


dynamite 


running- A more expensive powder for 
special purposes uses potassium nitrate in¬ 
stead of the sodium compound. 

Fine grain powders bum and explode 
faster than coarse grains. Somewhat more 
powder can be packed in a borehole by 
mixing two or more grain sizes. 

Black powder con also be obtained in 
pellets* which arc short cylinders of com¬ 
pressed powder with a center hole. They 
are wrapped into eight inch cartridges re¬ 
sembling dynamite in appearance. They arc 
more convenient to use in small boreholes 
than the loose powder, and are somewhat 
safer to handle. 

Black powder may be ignited or ex¬ 
ploded by flame* heai T sparks* or concus¬ 
sion, and requires more careful handling 
than most dynamites. A special hazard is 
that powder spilled on the ground or on 
the magazine floor may ignite if stepped on 
or scuffed. 

The blasting action will depend on the 
degree of confinement, the hu!k p the grain 
size, and the closeness of packing. Un- 
con fined powder will flash bum, without 
explosion; and poorly confined powder will 
waste much of its energy' along the path of 
least resistance. 

Black powder produces considerable 
smoke, and quite toxic fumes the quantities 
of which vary considerably in different 
blasting procedures. 

Black powder can be used to advantage 
when large, firm pieces of rock are desired, 
or when the material being blasted is soft 
and resilient enough to absorb the shatter¬ 
ing blow of high explosives. 

]t cannot be used underground where 
ventilation is poor* or where the air may 
contain inflammable gas which may be ig¬ 
nited by the flame from the powder, or in 
wet holes, ft is being replaced by dynamite 
in most applications. 

Dynamite. Dynamite is now the best 
known and most widely used commercial 
high explosive, The term includes several 


different chemical groups, wrapped and 
marketed in about the same manner as each 
other. Only the most general distinctions 
may be made among them, as research is 
steadily widening their applications. 

The “straight'* dynamites consist pri¬ 
marily of a mixture of nitroglycerin, sodium 
nitrate, and combustible absorbents such 
as wood pulp* wrapped in strong paper to 
make a cylindrical cartridge. Although a 
wide variety of sizes is available, the most 
popular are eight inches long and one and 
one eighth or one and one quarter inches 
in diameter. 

The percentage of nitroglycerin by weight 
contained in the mixture is used to identify 
it > according to strength. From 15 to 60 
percent may be used, 

Strength does not increase in proportion 
to the percentage of nitroglycerin because 
the other ingredients also contribute gas 
and heat. For example, a sixty percent 
dynamite is about one and a half times as 
strong as a twenty percent. 

Higher percentages are faster and more 
sensitive. Speed is desirable in hard rock 
and where the explosive is not confined, as 
in mud capping boulders. Sensitivity is 
necessary when blasting mud ditches by the 
propagation method. 

Straight dynamites have fair water te^ 
sistance. Their fumes are poor, however* 
and they are never recommended for under¬ 
ground work. 

Any type of dynamite of the general pur¬ 
pose 4G% strength will explode if sub¬ 
jected to sharp concussion, such as ex¬ 
plosion of a blasting cap; from impact of 
a rifle bullet; from excessive heat* whether 
produced by fire, friction or impact, and 
from sparks. 

When dynamite is burned—usually to 
destroy surplus or deteriorated stock—it is 
spread in a thin layer on straw or other 
combustible material, which is ignited. All 
personnel should keep at a safe distance 
from the fire. Dynamite will usually bum 
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Fig. 9-3, Detonating caps 


without incident p but there is always a 
chance that it may explode. 

Spoiled dynamite may soak into its con¬ 
tainer^ and render them explosive, The 
cases and wrappings should therefore be 
burned with the same precautions as would 
be taken with dynamitc. 

The “ammonia" dynamites use ammo¬ 
nium nitrate as the principal explosive, in 
combination with some nitroglycerin. They 
do not catch fire as easily as straight dyna¬ 
mites, and are less sensitive to shock and 
friction. Water resistance is generally in¬ 
ferior, but fumes are less object ion able. 

These are rated on a percentage strength 
basis, but the figures do not indicate any¬ 
thing of their chemical composition, but 
simply that performance Ls comparable to 
that of a straight dynamite of the same 
rating. 

A third type of explosive used in com¬ 
mercial blasting is gelatin dynamite. This 
is based upon a jelly made by dissolving 


nitrocotton in nitroglycerin. Various other 
ingredients are added. 

The gelatin dynamites are dense, plastic, 
cohesive, and practically waterproof* Fumes 
are excellent in all but the highest strengths, 
which vary up to ninety percent A 100% 
gebtin is produced, but is not used in con¬ 
struction or mining. 

Shot with a standard cap, and when not 
confined, ordinary gelatin dynamites will 
explode at a velocity of about 5,000 ft. per 
second. If con fined, or shot with a straight 
dynamite primer, velocities of 13,000 to 
22,000, depending on the strength, will be 
obtained, Certain types may also be ob¬ 
tained which will always detonate at the 
higher velocity. 

Gelatin dynamites are relatively insensi¬ 
tive to shock, and often will not explode by 
propagation from adjacent holes. Their 
plasticity makes it easy to load them solidly 
in boreholes, and to pack tightly in cracks 
for mudeapping P The velocity of the higher 





























CAPS 


grades and their high density recommend 
them for hard, tight blasting; and the water¬ 
proof qualities for any underwater work 
not requiring propagation. 

Ditching, stumping, and agricultural dy¬ 
namites are usually one of the standard 
strengths best suited for the purpose, with 
a special designation. 

Blasts are initiated or set off by liming 
devices, by remote electrical controls, or by 
a combination of these methods. 

Safety Fuse. The original timing de¬ 
vice is a fuse made up of a black powder 
core, surrounded by layers of protective 
wrappings. Two speed ranges are available, 
with burning speeds of ninety seconds and 
one hundred twenty seconds to the yard. 
These speeds must be considered approxi¬ 
mate, as they are affected by altitude, 
weather, storage conditions, and possible 
damage to the fuse. 

Fuse is water resistant except at the cut 
ends, which are immediately spoiled by 
contact with moisture, ft should not be 
used unless it can bo shot the same day it 
is loaded. 

It is manufactured in lengths of fifty feet 
or more, and wound in coiis or on spools 
to be cut to the desired length on the job. 
As short an interval as possible should be 
allowed between cutting and using. 

Squibs. Electric squibs are devices for 
igniting charges of black powder, and may 
be used instead of fuses. They consist of 
copper or aluminum tubes with powder, 
an electric firing element, and wires sealed 
into them. They are imbedded in the pow¬ 
der charges, and when sufficient current 
passes through them, they take fire and 
ignite the charge. 

Masting Caps. Figure 9-3 shows the con¬ 
struction of blasting caps for both fuse and 
electric firing. Fuses are inserted in the 
hollow shell of the cap, and fastened in by 
crimping the metal with special tools or 
machines. The fuse should be cut off 
square, preferably by a razor blade or other 


very sharp edge, which will not pinch the 
wrappings together. 

The electric firing device consists of a 
very thin wire lying in a highly combustible 
mixture. Passage of electricity causes the 
wire to become white hot and ignite the 
mixture, which explodes the primer and 
high explosive. 

Delay firing may be obtained by use of 
delay electric blasting caps which have 
a slow' burning composition between the 
ignition charge and the primer charge. 
Time interval is a half to two seconds in 
standard delay caps, and .025 to ,1 seconds 
in the millisecond type. 

Wires may be obtained in almost any 
desired length, and should be long enough 
to reach the wires from adjacent charges, 
or to connect with the lead wire to the 
electrical source. They may be copper or 
iron, and are protected by a plastic insula¬ 
tion. The ends of the wires are fastened 
together into a bridge or shunt, to prevent 
premature firing through contact with stray 
electric currents. 

Instantaneous and delay taps may be 
used on the same round. If they are in the 
same series, it is well to increase firing 
current by %. Caps made by different 
manufacturers should never be fired to¬ 
gether. They arc almost certain to have 
different current requirements, so that one 
brand of cap will fire and break the circuit 
before the bridge wires in the other brand 
are heated enough to fire. 

Caps contain explosives which are more 
sensitive than dynamite, and they must be 
handled with great care. Heat, friction, and 
shock must be avoided. In the original 
package, electric caps are usually cushioned 
in their own folded wires, and are often 
protected by a cardboard or paper wrapper 
in addition. 

The greatest danger of accidental ex¬ 
plosion of caps comes from electricity. 
Even with their wires shorted, as in the 
original package, a powerful nearby cur- 
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rent may detonate them unexpectedly,. 

After the wires are separated for use* 
the danger from stray electrical current 
becomes very great 

The content of a cap is small, but one 
can blow off fingers and toes, and flying 
particles of the copper case may cause 
injury to personnel within a radius of 
thirty feet. The most serious danger in an 
accidental explosion of caps, however, is 
that of setting off nearby heavy explosives. 

Caps should be buried before exploding 
for test purposes. 

HANDLING EXPLOSIVES 

Transporting, Large quantities of explo¬ 
sives should be transported in special vehi¬ 
cles marked in accordance with state laws. 
Smaller quantities may be carried in an 
ordinary car or truck, with any required 
warning signs made so that they can be 
removed when not in use. 

Caps and explosives should be carried 
in different trips or vehicles, unless quanti¬ 
ties are small, in which case they may be 
carried in one vehicle if kept well separated 
and if permitted by law, 

ICC regulations are accepted by most 
states for intra-state transportation, but 
some have more restrictive laws. 

Storage. Different classes of explosives 
should be kept in separate magazines. 
These should be far enough apart so that 
an explosion in one would not affect the 
other; and should be surrounded so far as 
possible by earth barricades or higher 
ground so that the force of an explosion 
would be deflected upward. 

Magazine areas should be as far as prac¬ 
ticable from roads, railroads, or structures, 
should be posted with warning signs and 
fenced if possible. A list of minimum dis¬ 
tances will be found in the Appendix. 

Magazines should be constructed of co¬ 
hesive fire resistant material, such as sheet 
iron, or soft material such as brick which 
will tear or crush rather than separate into 
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flying fragments. Ventilation and protec¬ 
tion from grass fires and from excessive 
heat should be provided. Doors should be 
heavy and provided with strong locks. 

Portable magazines to hold a few cases 
of powder or boxes of caps are most easily 
made from large metal tool or packing 
boxes fastened with padlocks. When prop- 
erly marked, these are legal in most states, 
although many laws and regulations recom¬ 
mend more complicated units. When a 
portable magazine is to be left on a job, 
it should be chained and locked to a tree 
or other anchor. 

Boxes. Dynamite may be packed in cases 
of either wood or cardboard. The card¬ 
board can be readily tom opcm but the 
wood presents a special problem. 

Theoretically a wooden box should be 
opened by knocking the top off with a 
wood wedge and hammer, to avoid danger 
of setting off the dynamite by a spark from 
metal tools. 

Actually, however, the top may be pried 
off with an ordinary screwdriver or pinch- 
bar, with possible assistance from a ham¬ 
mer, with very slight danger. Care should 
be taken to get the too! between the nails 
rather than against them, and not to push it 
into the dynamic. 

Some blasters open dynamite cases by 
smashing diem against the ground or with 
hammers, but this practice is considered 
unsafe. No manufacturer will recommend 
use of any such rough treatment, and it 
is forbidden by many state laws. 

I he wood or cardboard from opened 
boxes may be explosive from fragments of 
dynamite sticking to them, or liquid from 
decomposing dynamite soaking into them. 
They are therefore unsafe for use as fire¬ 
wood, or to bum in close proximity to 
personnel or buildings. 

Handling* Dynamite may cause severe 
headaches. This is especially apt to occur 
3f il is “^wrapped and handled with bare 
hands. Different brands and strengths differ 
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in. headache producing qualities, and in¬ 
dividual reaction is highly variable* 

Persons handling explosives should not 
smoke and preferably should not cany 
matches. A complete list of safety precau¬ 
tions recommended by the manufacturers 
will be found in each box of dynamite. A 
few basic rules may be emphasized here: 

1. Do not expose any explosive to flame, 
heat, sparks or electrical current, 
shock or friction, and do not load or 
handle them during a thunderstorm, 

2. Do not use iron tools. 

3. Do not keep larger quantities of ex¬ 
plosives on hand than are needed. 

4. Keep caps and powder as widely sep¬ 
arated and as thoroughly protected 
from each other as possible. 

5. Keep records of explosives on the 
job, and those used in each shot, and 
make sure no unexploded material is 
left lying around the job, or con¬ 
cealed where children might find 
them. 

A complete list of the "Don'ts" issued 
by the Institute of Makers of Explosives is 
included in the Appendix. 

DRILLING 

The simplest type of drilling pattern is 
a straight line of vertical holes parallel to 
a vertical face. The distance from each 
hole to the face is called its burden, and 
the distance between holes their spacing. 

The holes are drilled somewhat deeper 
than the face so that any ridges left be¬ 
tween them will not project above the new 
grade. 

Blasts tend to overbreak at the top and 
not shatter completely at the base. As a 
result, faces tend to slope back* The pro¬ 
jection of the bottom beyond the line of 
the top is called the toe. 

The extra burden at the toe may be 
handled by bottom drilling, or heavier load¬ 
ing (more powerful explosive or tighter 
packing) in the bottoms of vertical holes. 


A 



Fig* 9-4. High face and bench cutting 

Face Height. A face may be a few feel 
or several hundred feet high. High faces 
are usually developed by pushing low or 
moderate ones back into a hillside, as in 
Figure 9-4 (A). Where the height can be 
regulated, it is more efficient to make a deep 
rock cut in a series of benches, or lifts, as 
in (B). These lifts are likely to be from ten 
to fifty feet in mines or quarries, and ten 
to twenty in road cuts. 

Height affects the method of drilling and 
the size and placement of the holes. 

In general, hand drills are used for 
depths up to ten feet, wagon drills from 
ten to thirty feet, and churn drills for higher 
ones, However, the lighter drills are often 
used to greater depths, particularly when 
access is difficult. The overlap zone of 
wagon and chum or rotary drills is in be¬ 
tween 30 and 80 feet, 

Hole Size, Hand drills will produce hole 
diameters of between 1" and 2", wagon 
drills \W* to 4V£", and well drills four 
inches and more. Hand and wagon drills 
with steel bits will produce holes tapering 
from the lop to the bottom, and fairly uni¬ 
form diameters with carbide bits. Well drill 
holes should not taper. 

Burden. The explosive in each hole is 
supposed to break out a section of the rock 
between the line of holes and the face. 
Only experience with the particular rock 
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Fig, 9-J, Loading tables 


and explosive will indicate exactly the 
amount and type required. 

In a general way, however, it may be 
said that a pound of 40 percent dynamite 
should break up and move two yards of 
soft rock, or one yard of medium hard 
rock, on an open face. In soft, layered, or 


robbery rocks, 20 percent dynamite might 
move more per pound; while in very hard 
rocks, even higher strength dynamites might 
have smaller production. In tight holes, at 
edges, and in corners heavier loading is 
required. 

Figure 0-5 (A) contains a table show- 
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ing the weight of dynamite of various types 
which can be packed per foot of hole, for 
various diameters. For tapered holes, the 
lop diameter may be averaged with the 
bottom. 

These figures are for free running dyna¬ 
mite. or cartridges which have been slit 
thoroughly, and are pushed down firmly 
with a tamping stick. If the cartridges are 
not to be taniped, one may be weighed, or 
the weight calculated from the number of 
them found in a fifty pound box. Most 
cartridges are eight inches long, and those 
weighing a half pound each would load 
at ,75 pound per foot uniamped. 

The table in (B) gives the yardage of 
rock to be moved per fool of hole for 
various burdens and spacings. 

As an exam pie of the use of these tables, 
consider that a wagon drill will produce 
a hole with an average diameter of 
in a rock requiring a pound of powder for 
a yard. Table (A} indicates that 
pounds of gelatin dynamite will be used for 
each foot of hole. This explosive will move 
1.84 yards of rock, which according to 
Table (B) calls for seven foot spacing and 
a seven fool burden or eight foot spacing 
and a six foot burden. If the rock were soft 
enough to require only half a pound to the 
yard, spacing would be ten or eleven feet, 
and burden ten or nine. 

ft should be understood that Table A is 
only accurate for this make of powder, and 
that these calculations arc meant only as 
a guide for trial shots, the results of which 
will indicate whether changed procedure 
is needed. 

When a hole fails to move all its burden, 
it is said that it did not “pull," This usually 
occurs at the bottom of the hole, and most 
often in edge or corner holes where the 
rock is held back on two or three sides. 
Such failures may be due to too heavy a 
burden or loo wide a spacing, to improper 
stemming of a shallow hole, use of the 
wrong explosive, explosive not reaching the 



Fig, 9-6. Measuring face height 

bottom of the hole, or a partial misfire. It 
is generally necessary to remove the blasted 
rock, then drill and shoot the bottom again. 

Measurement In order to drill and load 
holes accurately, it is necessary to know the 
height of the face and the amount of the 
toe. With low faces, or in casual operations, 
or in working tipper lifts to temporary 
grades, depths may be estimated, although 
this is always risky. 

Faces between ten and seventy feet may 
be measured by the device and method 
shown in Figure 9-b. A 45° right triangle 
is carefully made of two by twos or two 
by fours, with the sides of the fight angle 
equal and front two to four feet long. 

This is placed on the top edge of the 
face, as shown, and the bottom carefully 
leveled. A sight is taken along the line 
A'AB and the spot B marked on the 
quarry iloor by an assistant. ~\ he distance 
AB is then measured with a steel tape. 
Multiplying its length by .71 (the sine of 
45°), elves the height of the face and 
also the distance BC. The distance BD is 
then measured, and when subtracted from 
BC, gives CD, the projection of the toe. 

This measurement may be repeated at 
various points along the face. 

If the face is high, its top irregular, or 
considerable accuracy is necessary, it may 
be preferable to make a transit survey 
of the site, establish benchmarks and loca- 
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Fig, 9-7. Open and tight holes 

tion points on all levels, and calculate from 
direct measurements from these points. 

Each drill hole may be marked according 
to the cut to bottom grade, or by the drill 
iog depth desired. For convenience in load¬ 
ing. the projection of the toe may also be 
noted on the marker. 

Bottom Grade. The bottom grade should 
have a slope for drainage that may he away 
from the face or toward the sides, but not 
toward the face. If natural drainage is not 
possible, adequate pumps should be pro¬ 
vided. 

If blasting and excavating arc acciden¬ 
tally carried below grade, hollows can be 
readily filled with fine shot rock. If the 
floor is too high, and the rock is soft, it 
may be possible to take it down with 
rippers and dozers. If it is too hard for 
machinery, a tedious job of shallow drill¬ 
ing and blasting is required. 

Spacing. In general, large drill holes 
are increasingly prevalent in faces over 30 
feet high, with proportionate increase in 
spacing and burden. 
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With most rock types, a point will be 
reached where enlarging and spreading the 
holes will result in poor fragmentation in 
the center of the blocks. 

Faces fifty feet or more high are usually 
shot with a single row of holes at a time. 
Low faces use additional rows, fired simul¬ 
taneously or in short-interval succession. 
In any height, holes in the same row are 
now fired in sequence. 

Each blast should supply enough rock 
to keep the shovel busy for at least half 
a day. therefore, the lower faces must be 
shot back deeper than the high ones, par¬ 
ticularly if the shovel is large and its work¬ 
ing area narrow. 

The entire group of holes may be drilled 
on a rectangular pattern, as in Figure 9-7, 
or they may be staggered to improve frag- 
rnenLadon. 

Best results from multiple rows are ob¬ 
tained if there is a free cleavage plane at 
the new grade. If the bottom is very hard 
to pull, heavier loading may be required 
than when firing single rows; or burdens 
may have to be reduced progressively to¬ 
ward the back, resulting in higher costs. 

I ight Holes, When blasted rock must be 
sheared away on two or more planes the 
shots are called light. In Figure 9-7 the 
holes marked (a) are open, those marked 
lb) are tighter, having to shear off the 
back or side as well as the bottom, and the 
(c 1 holes must shear along back, side, and 
bottom. In general, the tighter the hole, the 
greater the likelihood that it will fail to 
pull. It is usually cheaper to take special 
precautions with tight holes in the original 

bla;t‘ l ' 1ai1 l ° sec0llc * ar ) billing and 

Lhi tightest blasting found in open work 
is. the start of a cut down from the surface, 

e first rock blasted can move upward 
only, Jf the whole set of drill holes are 
s ot together, each of them will be very 
ard to pull. However, if the center holes 
are made oversize, loaded heavier, and 
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Fig, 9-8. Breakage lints 


fired first in a delay sequence arrangement 
that progresses toward the outer limits of 
the area, the adjoining holes can throw into 
the space left, then the next holes throw 
into their space. 

Overbruak. Rock usually tends to over- 
break at the lop of the bank, and special 
drilling or loading may be required to avoid 
leaving a hard bottom rib at each blast 
junction. See Figure 9-8. 

It may be necessary to set back the first 
row of holes for the next blast for more 
than the normal burden, as their burden 
may be partly shattered, so that the shot 
is not confined as well as in the other holes. 
Drills may not be able to work close to the 
edge, or may not be able to penetrate 
shattered material. 

In such conditions, the front row may 
not pull the bottom, unless it is drilled con¬ 
siderably deeper than the others, sonic 
horizontal bottom snake holes are drilled, 
or a denser or faster explosive is used. 

However, shovels arc frequently able to 
scrape away a few feet of un blasted soft 


rock, without excessive wear, in which case 
ribs may be ignored in the blasting pattern 
and dug out when found. 

Short period delays have greatly im¬ 
proved the blaster's control over overbreak. 

Delay Shots. Proper sequence of firing 
in a series of holes can be obtained by set¬ 
ting separate blasts, using fuses of different 
lengths, or of the same length lighted in a 
particular sequence; or electric firing with 
delay caps or a timed firing device. 

Fuses become increasingly dangerous as 
the number in one shot increases, and they 
are not satisfactory where exact liming is 
required. 

The standard delay caps are made in 
about ten different periods with an inter¬ 
val of a second or more between them. 
Shortest periods are put at the face, or in 
the spot selected for wedging or crushing 
‘ out of the solid," Destruction of the wir¬ 
ing by the first blast will not interfere with 
the explosion of later caps. 

Long period delays are better than 
mass shooting or fuses, but have several 
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disadvantages. Overbreak by an early shot 
may take too much burden away from a 
later one, causing dangerous scattering of 
nock and excessive noise. The repeated ex¬ 
plosions may set up a resonance in build¬ 
ings or delicate equipment which will be 
more destructive than a single heavy blast. 
Caps of the same period may not explode 
at the same time. 

Millisecond delay caps have intervals of 
fifteen to fifty thousandths of a second, 
and are obtainable in ten or more periods. 
A set will produce an explosion which 
seems to go up aU together, but vibration 
and concussion are reduced, fragmentation 
is often greatly improved, and overbreak is 
reduced. 

A timer may be used to obtain milli¬ 
second delays with instantaneous caps, An 
electric motor turns a cam which makes 
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successive contacts with different firing 
lines. The time of the intervals is adjustable. 
However, a misfire will be caused if any 
wire is blasted out before firing its caps, 

lodges, in road cuts, the side faces should 
be made as accurately as possible without 
the special precautions used for dimension 
rock. In general, it is cheaper to overbiast 
than to do chipping, scaling, and secondary 
blasting to remove humps. The terms of 
the contract, particularly in regard to ac¬ 
curacy of surface and payment for over¬ 
break. and the behavior of the rock wiil 
determine the methods used. 

Precision in cutting a back or side wall 
may be obtained by the use of line drilling 
(edge holes drilled but not loaded), dose 
spacing of blast holes along the finish lines, 
blasting it as a single line of holes, or as 
the last shot in a rotation series, and use of 
light shots and thin burden. Any one of 
these precautions may be sufficient or all 
thfCG may be required. 

Buffers, plasted rock may be entirely 
dug it way before the next blast, or varying 
quantities may be left against the face" 
Complete cleanup is required if the toe is 
to be accurately measured or drilled hori¬ 
zontally, and is considered good practice 
with high faces. 


c? -r-w « uiijjuw, ana me 

dec uw, ii may be desirable to leave some 

5 ,ot rocli as 0 hu/Ier or "blanket." This 
confines the force of the explosion, and may 
prevent blocking of the work area and 
aid fragmentation. However, the buffer 
should be small enough so that some scat- 
cnn e occurs, a $ ma j (es j ( eas j er fo 

nd and blast oversize rock before the 

ove gets in the heap. Heavier loading is 
required. 6 


Mtmng. sometimes a face can 
be most economically blasted from the 

,. ol " , onl >* 11115 ™ 0 y be when a cliff 
(face) is being cut into a steep hill with 
poor access to the crest, the rock has a 
vertical cleavage so that it will break away 
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without dangerous overhang when the bot¬ 
tom is blasted out, ami is brittle: enough to 
shatter when it falls. Such an operation may 
be very economical of powder, as the break¬ 
ing out of the crest and fragmentation upon 
hitting the floor are accomplished partly 
by gravity. 

Coyote Holes, Coyote holes, illustrated 
in Figure 9-9, are used for heavy under¬ 
mining blasts. They may be used alone to 
topple a cliff, or to break out heavy toe 
burdens in conjunction with well drill holes 
loaded from the top. Faces should be at 
least 60 to 80 feet high to justify their use. 

Coyote holes are used when material is 
difficult to drill, a large yardage is re¬ 
quired at one time, and when the rock frac¬ 
tures readily. 

They consist of small tunnels, three or 
four feet in diameter, driven horizontally 
into the face at floor level, and one or two 
cross tunnels parallel to the face. Explo¬ 
sives are slacked in the cross tunnels and 
the entrance is securely blocked with stem¬ 
ming, Firing is best done by Primacord, 

LOADING 

Holes may be loaded in a number of 
ways. These may be classified as solid, 
string, spaced, deck, and spring. 

Solid. In solid loading, as much explo¬ 
sive is crammed into the hole as it will 
take. Usually, cartridges slightly smaller 
than the hole are slit and dropped or pushed 
into the hole, and then crushed with a 
tamping stick so that they will spread. 

Two to four loitgitundinal slits may be 
made in the wrapper. This is a safer 
method than unwrapping because of the 
reduced danger of accidents from spilled 
powder, of headache, and because the 
wrapper ends protect the powder against 
rock chips and prevent sticking to the 
tamper. 

The tamping stick should be of wood, 
round, of slightly smaller diameter than the 
smallest part of the hole, and cut straight 


across the working end. If the hole is too 
deep for the use of a single tamping stick, 
several sticks should be drilled lengthwise 
and strung together with a cord. When the 
cord is slack, the stick will fold and can 
easily be fed into the hole. If any stick is 
held, and the cord tightened above it. the 
joints below the pull will be made rigid- 
[f the lower end of the stick wears to 
a taper, it should be cut back- The taper 
may punch holes in the lops of cartridges 
that would not be filled by pressure on the 
next one placed, it may grind some of the 
powder against the sides, and it may stick 
in cartridges and pick them up. 

Carlon E plastic pipe plugged at one end 
can also be used for tamping. 

No exposed metal of any kind should be 
used in a tamping stick. Even the non¬ 
sparking metals such as brass and alumi¬ 
num are definitely dangerous. 

Tamping. Best compaction is obtained if 
each cartridge is tamped separately with a 
firm pressing stroke. Sharp blows should 
be avoided. 

Large blast holes made by well drills are 
usually tamped with a block on the end of 
a rope. The block should be of hard wood 
to resist abrasion, be slightly smaller than 
the bore of the hole, and have a flat end. 
If weight is needed for heavy tamping, 
or working in wet holes that would float 
wood, the block may be drilled and 
weighted with lead or other heavy metal 
plugs, which should be covered with wood. 

This type of block is not adapted to 
ramming down cartridges which have stuck 
in the hole above the bottom, as it may 
cause excessive side friction. A special 
block with a chisel point stake that will 
break up the stuck cartridges, is better. 
These blocks are shown in Figure 9-10, 
Deep Holes* It is a good plan to cheek a 
deep large bore hole before loading it. by 
inspecting it with a flashlight or sunlight 
reflected from a mirror, or sounding it with 
a tamping block, to make sure it is not ob- 
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Fig, 9-10. Tamping and cutting blocks 

strutted, The block can be used to knock 
obstructing pieces or scale to the bottom. 

Cartridges may be dropped into shallow 
holes or deep smooth ones. If the hole 
is deep and rough, and there is a possibility 
that they may stick part way down, they 
should be lowered. All explosives manu¬ 
facturers will provide cartridges equipped 
with means to attach a lowering rope A 
band of special Scotch Tape and a readily 
disengaged hook are used. 

The impact of the cartridges on the bot¬ 
tom and the weight of the column above, 
frequently compress charges well enough 
so that tamping is not necessary. 

If the hole is ragged or partially caved 
so that it is not practical to load it with 
cartridges, a free running dynamite may 
be poured down it. If it blocks the hole 
and starts to build over an obstruction, it 
should be poked down with a long jointed 
pole or a dislodging block. 

If such a hole is wet, it may be neces¬ 


sary to use a gelatin dynamite unwrapped 
and cut into fine pieces and pored into it. 

A lamping block used for unwrapped 
dynamite should bo kept clean by resting 
it on a box or some sacks when it is not 
in use, 

String. If the borehole is wet enough so 
that slit or unwrapped dynamite would be 
spoiled, or if solid loading would make 
too heavy a charge, cartridges somewhat 
smaller than the borehole, but not small 
enough to fit side by side, may be dropped 
in one after the other without tamping, or 
after having tamped the bottom cartridge 
or two. 

This h ihe easiest way to load, and is 
satisfactory for small or occasion a I blasts. 
However, it is inefficient in that part of 
the hole is wasted r so that more rock must 
be drilled than is actually necessary to 
accommodate the amount of powder re¬ 
quired for the blast. 

Spaced. Spacers may be used to string 
carl ridges out along a hole that is not to 
be fully loaded. These may be square^ 
round, or hollow pieces of wood, tile, lean 
concrete, or rolled cardboard. They are 
usually made up ahead of time, in, lengths 
of eight to ten inches. There should be suf¬ 
ficient air space around them to enable the 
cartridges to set each other off by propaga- 

Spacers may be alternated with cartridges 
or pairs of cartridges in the parts of the 
borehole that are not to be fully loaded. 
The primer cartridge should have at least 
one additional stick in contact with it. 

Decking. In large boreholes, charges 
Vk ueh are to be strung out arc usually sepa¬ 
rated by solid plugs of sand or other stem¬ 
ming material, and each section of the 
charge primed separately, unless fired with 
Primacord or other detonating fuse. 

Figure 9-il illustrates well drill holes 
showing a solid column load (A), a deck 
load (B), designed to blast a heavy toe and 
relatively thin top burden, and a deck load 
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PRIMAtORD 


Fig, 9-12. Springing a hole 

(C) which avoids danger of blowing out 
a mud seam. 

Springing. If the force of a blast is to be 
concentrated at the bottom or back of a 
hole, it may be necessary to make an en¬ 
larged chamber to hold extra explosive. 
This is done by exploding a small quantity 
of dynamite—one to six cartridges for a 
two inch hole — -in the bottom. The hole 
may be left open, or lightly stemmed whh 
dry sand, or with water. Quick acting dyna¬ 
mite U used, The charge must not be large 
enough to blow out the face. 

Springing makes a cavity by crushing the 
surrounding rock and blowing it out of the 
hole. Two or more blasts of increasing size 
may be required to make a large enough 
chamber. See Figure 9-12. 

The explosion creates considerable heat 
which is slow to dissipate. Unless the hole 
fills with water, several hours should elapse 
between a spring shot and further loading. 
This time may he reduced, and the cavity 
cleared of loose sand and chips by lowering 
drill steel or air hose to the bottom and 
blowing it out with compressed air. 

Sprung holes are most easily loaded with 
free running dynamite which can be poured 
In. If this is not available, slit, cut, or un¬ 
wrapped cartridges can be spread into the 
chamber by lamping. The chamber will not 
fill, even with free running powders, unless 
thoroughly tamped. 

Sprung holes arc not advisable where 
the burden is light, or the rock tends to 
fracture readily along joints or bedding 
planes. The springing blasts may loosen a 
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Fig. £-I3 T IriMTEion of fuse in cap 

slab of rock so that it will be thrown a long 
distance by the mam blast. Such loosening 
can be kept to a minimum by u^inc the 
fastest dynamite obtainable. Springing Is be- 
coating obsolete, as it h laborious, danger¬ 
ous and inefficient. 

Holes should not be sprung next to 
loaded holes because of propagation. 

If springing blocks the hole, it can gen¬ 
erally be re-opened with a drill or steel bar. 

PRTM1NG 

Primers. A primer is a stick of dyna¬ 
mite that contains a blasting cap; or is 
any other heavy explosive which has been 
fitted with a device for setting it off. 

Since primers combine (he power of ihe 


Fig. SM5A. Priming small dynamite stick 

dynamite with most of the sensitivity of 
the cap, they must be handled with greater 
care than any other units of explosives. 

They are ordinarily prepared at the bore¬ 
hole immediately before being placed, but 
may be made in some central place and 
delivered to the loaders as required, 

I he essentials of a good primer arc that 
the cap must be powerful enough to pro¬ 
duce detonation, there must be intimate 
contact between cap and explosive, they 
must be fastened together so that they will 
not separate while being placed, the cap 
should be shielded from shock or friction, 
and the wires or fuse should not be kinked 
or strained. 

Rlai-k Powder. Black powder may be 



Fig. 9-14. Priming dynamite with fuse cap 
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Fig, 9-15B. Alternative method of priming small dynamite stack 


primed by placing a fuse in the hole and 
pouring the powder around it. This method 
may be improved by tying a knot in the end 
of the fuse to anchor it, and making several 
slits into the core above the knot where 
they will be in contact with the powder. A 
paper cartridge may be prepared to hold 
powder closely around the knot and slits. 

If the powder is to be exploded by an 
electric squib, a similar cartridge is made 
up to enclose the squib with some powder, 
Hlasting caps may also be used to ex¬ 
plode black powder. 

Fuse Caps, Preparation of dynamite and 
fuse cap primers includes two jobs—attach¬ 
ing the fuse to the cap and the cap to the 
powder. The fuse ends MUST be dry. 

The fuse should be cut squarely with a 
clean, sharp blade, preferably a razor blade 
in a suitable mounting, and pushed into the 
cap until it is seated against the explosive 
compound. The copper shell is then 
crimped firmly onto the fuse with a hand 
or a bench crimper. 

If the fuse is cut on a bevel, it may fail 
to make a proper contact, as in Figure 9-13 
(A), or part of the casing may curl over 


and prevent contact. A good contact is 
shown at the bottom. 

The interior of the cap should be clean. 
Any foreign matter in it should be tapped 
out or removed with a straw or toothpick. 
Blowing into it may dampen it and cause 
it to fail. If the cap is suspected of being 
damp from any cause, it should not be 
used. 

Fieure 9-14 shows two ways to place 
and fasten a fuse cap in dynamite. In each 
case a hole or slit is made in the cartridge 
and the cap inserted. The primer can be 
held together by lacing the fuse through 
another hole, or by tying it with string. 

In shallow holes, and in blockhoting or 
mudeapping, it is practical to simply insert 
the cap in the cartridge end, without fasten¬ 
ing. as the primer need not go out of reach. 
Friction will hold it in place against a 
moderate pull, but not against yanking. 

Electric Cap Primers, Figure 9-J 5 il¬ 
lustrates the most common method of prim¬ 
ing a small diameter stick of dynamite. The 
cap is pushed into the nave!-I ike end of the 
wrapper and the wires caught in a half hitch 
around the center. If the dynamite is hard. 
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Fig, 9-J5C, Priming a 

a hole may be made in the end with a wood 
peg to malce it easier to insert the cap se¬ 
curely so that it will not slip out during 
loading. 

Figure 9-16 shows steps in a method 
which involves placing the cap in the same 
manner, but passing a loop of the wires 
through a cross hole punched in the center 
of the stick. This eliminates a slight danger 
of damaging the wires in the half hitch, but 
is somewhat slower to make up. 

Large diameter sticks are best primed by 
the sequence shown in Figure 9-17. The 
cap is inserted in the top, and a loop of wire 
is pushed through a slanting hole and is 
caught around the middle. 

In each case the cap is entirety inside the 
dynamite, cannot work into a position 
where it might scrape the side of the bore¬ 
hole, and its direction of explosion, away 
from the wires, is directed into the dyna¬ 
mite. 

Primacord. Primacord is a detonating 
fuse, composed of wrappings around a core 
of PETN ( a very high velocity explosive. 

It is insensitive to fire, friction, and ordinary 
shock, is waterproof except where cut, and 
does not deteriorate in storage, It is made 
in plain, reinforced, and wire-bound con¬ 
structions, The plain type is used chiefly in 


large stick of dynamite 

trunk lines; the reinforced for ordinary 
branch lines, and the wire bound for 
branches which go down boreholes which 
are deep, or have ragged sides. 

Primacord is detonated by either an elec¬ 
tric or a fuse cap and will set off any or¬ 
dinary explosive with which it has contact. 
It is usually attached to the first cartridge 
placed in the hole so as to fire each stick 
m the column by direct contact. Wet sec¬ 
tions will explode if detonated from a dry 
end with a regular cap, or from a wet end 
by a special Pentolite cap. 

It may be threaded through the cartridge 
or attached as a lowering line to a net or 
cartridge. For this service, the wire bound 
type should be used because of its greater 
strength. The rest of the load is slid or 
lowered alongside the Primacord 

Any secure method of fastening is satis¬ 
factory for small diameter sticks. Bindings 
should be tight enough to cut into the Pri- 
macord wrapping, 

Pteccs are spliced together where neces¬ 
sary by square knots. Branch lines should 
e fastened at right angles, except that no 
knots can be used in boreholes. They form 
an obstacle to smooth loading, and' water 
penetrating the knot end of the lower piece 
would make it insensitive. 
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Fig. 9-16. Loading with instantaneous cap 
primer 

Flaring Primers. If one primer is U> be 
used in a borehole, it is best to place it at 
the top, or one cartridge down from the top. 
This keeps to a minimum the danger of 
damage to fuse or wires while placing and 
tamping the charge. Use of one stick above 
the primed one cushions the primer against 
jars from overzealous tamping, and from 
contact with abrasive stemming material. 

If the hole is long, or the charge heavy, 
it may be considered a good precaution to 
use two or more primers. The second one 
is liable to be in the bottom and any addi¬ 
tional ones spaced throughout the column. 

With all types of delay firing the primer 
must be in or near the bottom. This largely 
avoids the danger of throwing the primer 
out in the muck pile, where it would be 
likely to detonate during loading, with dis¬ 
astrous results. 

Spaced charges arc more likely to require 
additional priming than solid ones. Deck 
charges need a primer in each level. 

Correct placing of printers, and even cor¬ 
rect direction of the cap in the primer, are 
of importance under some circumstances 
and make little difference in others. Be¬ 
cause of the speed and destructiveness of 
blasts, exact analysis of the mechanism and 
results are difficult. 

Speed of Explosion. There are four 
classes of speed concerned in the firing of 
explosives. There is the slow burning of a 
fuse, the rapid burning of black powder in 
bulk, the extremely rapid detonation of 
high explosives, and the practically instan¬ 
taneous movement of electricity through 
wire. 

The point of ignition of a long column of 



Fig. 9-17, 700 ion blast recorded by camera 

black powder will have a definite effect on 
its work. Burning speed is between 1,000 
feet and 3,000 feet per second, so that it 
would lake &th to VUOi of a second for 
a 200 foot borehole to fire. If ignited at the 
top, the upper rock might be moved a con¬ 
siderable distance before the bottom fired. 
In one way, this would act to lighten the 
bottom burden and help it to pull, but it 
might also serve to “uncork’ 1 the borehole 
and allow the bottom of the charge to blow 
upward rather than horizontally. On the 
other hand, the force of the upper part of 
the explosion, reacting against a heavy bur¬ 
den, might press down on the unexploded 
charge with great force and seal it. 

If the column were set off from the bot¬ 
tom by electricity, the toe would be well 
kicked out before the explosion reached the 
top. If several caps were placed at inter¬ 
vals in the column and fired together, the 
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whole burden would be moved out at ap¬ 
proximately the same time. 

The same action is Found in high explo¬ 
sives, although the rapid detonation makes 
it of less effect. A two hundred foot column 
of a 40 percent dynamite with a velocity 
of 10,000 feet per second, fired from the 
top, would explode at the bottom % 0 th of a 
second afterward, if Primacord were used 
to the full depth, the detonation would 
take only J'jnoth of a second. If electric 
caps were used at top and bottom, the time 
at the bottom would be about Keoe.ooo^ 
of a second after the lop, but the lag to the 
center would be j^th of a second? 

At lirst glance, these small fractions of 
a second might not seem significant. Jn 
many cases they are not, but they some¬ 
times have an important effect on both the 
performance and the concussion of a blast. 

If long borehole blasts do not give the 
desired effect in fragmentation, throw, or 
in any other way, it may be advisable to 
change the location, number, or type of 
primers to try for better results. 

Cameras can be obtained that will take 
pictures of the various stages of the explo¬ 
sion for study. 

Precautions, Precautions to be observed 
in regard to a primer in placing and leaving 
it in the hole include: placing it in such a 
manner that it is not subject to shock or 
jar, and is not penetrated by rock splinters 
or other sharp objects; that it is not to be wet 
for a longer lime than the powder, the cap, 
ihe fuse, or the wiring can stand; that the 
fuse and wires lead to the top without 
kinks, and are held so as not to be damaged 
by placing and tamping of additional 
charges and stemming. 

Water Resistance. Except for the gela¬ 
tins, dynamite has variable water resistance, 
and may depend on its wrappings for pro¬ 
tection. When the wrapper is punctured to 
insert a cap, water can enter the break. 
Speed and extent of damage, if any, will 
depend on the composition of the dynamite. 


Until recently, waterproofing of standard 
caps would be apt to fail under water pres¬ 
sure in the bottom of deep holes. The 
cotton countered (wound) type of wire in¬ 
sulation was not satisfactory for wet work 
unless the wires were enameled. 

Modern caps are sealed with rubber 
plugs and will stand up to 1,000 feet head 
of water, as will the plastic insulation on 
their wires, 

lighting FUSES 

The length of fuse determines the time 
which will elapse between lighting it, and 
the explosion. Regular sequences of firing 
can be obtained by varying the lengths of 
fuse in different holes, and lighting them 
at the same time. 

Fuse does not light readily with a match 
because of the small area of powder ex¬ 
posed, and the likelihood of wax from the 
coverings being spread over the end while 
it is being cut. 

It only a few fuses are to be lit, good re¬ 
sults can be obtained by splitting each fuse 
with a knife or razor blade, as in Figure 
^-1B, and bending the fuse so that the open¬ 
ing is down. It may then be lit with a match, 

A 



f ig. 9-18. Lighting a fuse with a match 
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Care should be taken to keep the fingers 
out of a line with the end of the fuse, as it 
will spit out a jet of flame. 

The split fuse can be ignited more read¬ 
ily by having the opening horizontal or 
upward, placing a broken-off match head 
between the halves, and squeezing them 
together, as in (B). The match head gives 
a much hotter flame than the stick. 

ft is possible to buy a number of devices 
which simplify the lighting of fuses. The 
match lighter is a short paper tube which 
fits over the end of the un-slit fuse and is 
coated on one end with a compound similar 
to that of a safety match head. This is read¬ 
ily ignited with a match or the edge of a 
match box and subjects the fuse end to 
intense heat. 

This lighter throws a jet of Tame which 
resembles that caused by ignition of the 
fuse. To tell whether the fuse is actually 
burning it is necessary to observe a mo¬ 
ment later whether a thin stream of smoke 
is issuing from it. If it is not smoking the 
lighter should be removed and another 
applied. 

The pull wire lighter is of similar ma¬ 
terial, but damps on the fuse and is ignited 
by pulling a wire. 

The lead spilter is a coil of thin lead tub¬ 
ing containing black powder, A piece is cut 
off, lit with a match, and the resulting hot 
flame used to then light the fuses. The lead 
melts back as the powder bums. 

The hot wire is similar to a fireworks 
sparkier. It bums slowly with a very hot 
flame, and is the safest and most depend¬ 
able of the devices listed. 

A fuse will light black powder by con¬ 
tact. When used to explode dynamite, it 
is connected to an explosive cap, 

ELECTRICAL FIRING 

Electrical firing requires a complete cir¬ 
cuit from the power source through all the 
caps and back to the power source. One 
cap, or several hundred, may be used, 


Source of Current. The standard source 
of electrical energy for blasting is a blast¬ 
ing machine. This is a generator, which de¬ 
livers a high voltage current when a handle 
is twisted or forced down. Twist handles 
are ordinarily used only for small machines 
with a capacity of a few caps. 

These devices are rated according to the 
number of caps in series which they can 
fire at one time. Rating is usually conserva¬ 
tive. Their efficiency should be tested oc¬ 
casionally, particularly if they are not in 
steady use, as they may deteriorate rapidly 
in damp storage. Testing is done by means 
of a special rheostat which sets up a re¬ 
sistance in the line; and from one to four 
blasting caps. If the machine will overcome 
the rheostat resistance of its rated capacity, 
and fire the caps in addition, it is in good 
condition 

Blasting current may also be supplied 
from any source having sufficient voltage, 
as “high lines,” storage batteries, or dry 
cells. 

An electrical timer is available for use 
with high lines. It has a number of circuits 
which are fired in rapid succession by a 
cam driven by an electric motor. A gear 
transmission permits a choice of intervals 
from .010 to .025 seconds. This permits 
use of delay firing techniques with instan¬ 
taneous blasting caps. 

Series, There are three basic types of 
circuit-—series, parallel, and parallel series. 

When the caps are arranged in series. 
Figure 9-19, the current must have enough 
force, or voltage, to overcome in succession 
the resistance of the lead wire, the caps and 
their wires, and the return lead wire, in ad¬ 
dition to the variable resistance offered by 
connections between wires. 

Portable hand-operated electrical gener¬ 
ators called batteries or blasting machines 
are used by many blasters, 1 hese are de¬ 
signed to explode a specified number of 
standard blasting caps in series at the end 
of five hundred foot lead wires, with surplus 
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Fig. 9-1 9. Series wiring 

power to overcome ordinary losses in con¬ 
nections and by ground conduction. 

The use of one of these with the rated 
number of caps avoids the necessity of cal¬ 
culating the power necessary. 

For most blasting purposes, connection 
to a “high line*’ or domestic type electrical 
generator with J10 or 220 volts will pro¬ 
vide ample power. Voltages up to 440 are 
commonly used. 

If dry cells, storage batteries, or other low 
voltage apparatus are to be used, or if the 
shot is very large, the voltage required can 
be calculated by Ohm's law. 

Ohm’s law states that the current, in 
amperes, in an electrical circuit will be 
equal to the potential, or voltage, of the 
power supply divided by the resistance, in 
ohms, of the circuit. TTiat is, if sufficient 
current is supplied at 110 volts to a circuit 
with ten ohms resistance, the flow of cur¬ 
rent will be eleven amperes. If the voltage is 
six, the flow’ will be only .6 amperes. 

A single cap requires a current of about 
.5 amperes. A series of caps takes 1.5 am¬ 
peres, with sufficient voltage to overcome 
all resistances in the circuit. 

The tables in Figure 9-20 indicate the 
resistance of caps and wires commonly 
used. The supply of current should be well 
over the calculated need, however. Minute 
differences in the bridge wires in caps may 


vary their resistance, so that a weak cur¬ 
rent might burn some of them through and 
break the circuit before all are exploded. 
An ample current should detonate them 
simultaneously. 

Series circuits are easy to lay out, to 
hook up, and to test. 

Caps made by different manufacturers 
must not be used in a series, because of 
variation in current requirement for detona¬ 
tion. 

Parallel. In a parallel circuit. Figure 9-21 p 
the current does not go through the caps 
one after another but through all of them 
at the same lime, A poor connection on a 
cap wire affects only that cap. The voltage 
requirement is lower than when the same 
number of caps are shot in series p but more 
amperage is needed. 

I wo caps in scries have twice the resist¬ 
ance of one cap. 1 wo in parallel have only 
half the resistance of one, as less potential 
K required to force the current through a 
large conductor than a small one. But 
where L5 amperes was sufficient current 



Fig. 9-20, Resistance of caps and wires 
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iq shoot a whole series of caps, ,5 amps 
is required for each cap placed ia parallel. 

Parallel wiring is therefore preferred 
where a source with low voltage and high 
amperage, such as a storage battery* is to be 
used. It is not suitable for blasting machines 
and the results with dry cell batteries are 
doubtful. High lines are equally efficient 
with either arrangement. 

The most common simple parallel 
hookup is the second one shown, and it is 
not recognized as such by many who use 
it. It is the most convenient way to fire a 
small irregular group of blasts. 

In figuring a parallel circuit, the resist¬ 
ance on one cap is divided by the total 
number of caps, and in a large blast, may 
be so small a figure that it can be ignored. 
The resistance of the two bus wires, be¬ 
tween the leads and the last cap. is approxi¬ 
mately one half the resistance of the same 
length of the same wire used for a lead 
Lead wire resistance is the same as m a 
series circuit. 

The lowered resistance of the bus 
wires is due to the fact that some of the 
current is diverted at each cap. Full cur¬ 
rent is present at the beginning, and zero 
current at the end, so that it averages out 
to about one half current for the full length 
of these wires. 

Parallel Series, This layout. Figure 9-22, 
makes it possible to shoot large numbers of 
caps without requiring excessive voltage or 
amperage. 

There is some disagreement about the 
balancing of the size of the different series. 
Technically, each series should have the 
same number of caps. Many blasters, how¬ 
ever, claim better results when the series 
differ from each other by a set amount. 
This is said to be particularly advantageous 
when firing an excessive number of caps 
wilh a blasting machine. 

When the series are equal, and juice pul 
in the line, all caps arc equally heated and 
should detonate simultaneously. If any 
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Fig. 9-21. Parallel hookup 

scries gets current but less than its share, 
due to a poor connection or other defects, 
it may not fire. However, as the other series 
lire, current will cease to go through them, 
and will all go through the remaining one, 
unless the wires are broken, until it fires 
also. 

tf the series have different numbers of 
caps, at first the current will flow most 
strongly through the series with the fewest 
caps and least resistance, and having fired 
that, will concentrate on the next longer 
string, and so through the whole group, IF 
the current is weak, there may be a brief 
but definite time interval between the series, 
so that short strings should be at the face. 
If it is strong, explosions may be simultane¬ 
ous. 
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Fig. 9-23. Connecting wires 


As the current from a Wasting machine 
flows very briefly, it is possible"that in a 
graded pattern only the shorter scries would 
fire, 

Jn most blasting patterns, the equal series 
hookup will be very much simpler than 
the graded series, which is generally con¬ 
sidered obsolete. 

Making Connections. It is most conven¬ 
ient to have the cap wire* of such length 
that they meet each other with a moderate 
amount of slack between the holes. If they 
are short, an extra piece of wire must be 
spliced in at each connection; if they just 
rcjich, insulation or primers may be 
strained while splicing; and if much too 
long; they will need cutting, or will make 
a tangle of loose wire that may lead to 
mistakes in connecting T and accidents. 

While connections arc being made, the 
power or far end of the lead wires should 
be fastened together to ground out any 
induced current. The electrical source 


should be locked or at least removed from 
the immediate vicinity of the wires. 

In a series circuit, the current runs from 
one lead wire through all the caps and their 
wireSj to the other lead wire. The insula¬ 
tion on each lead is stripped back with a 
knife or plucked oH with pliers for an inch 
or two, and the wire is bent into a tight loop 

The cap wires are pulled apart at their 
soldered connection* and each wire con^ 
nceted to one from an adjoining cap. When 
all the caps are connected in this manner, 
the two end wires are connected to the lead. 
Figures 9-23, (A) to (C), shows connec¬ 
tions commonly used between caps* and 
(D) two cap-wire-to-lead-wlre hookups. 

It is usually possible to arrange the cir¬ 
cuit so that it is convenient to hook both 
end caps to the lead. However, in a one row 
straight line layout, an extra wire must be 
used to connect the last cap to the lead. 

If cap wires are long, such connecting 
wires are usually made up of scrap wire 
left from preceding blasts. It l% good prac¬ 
tice to extend the leading wires some dis¬ 
tance with a lighter and less expensive wire, 
to reduce damage to the ends. If not 
enough surplus wire is available, connecting 
wire may be brought on the job on a spool 
and cut as needed. 

The use of scrap wire involves a risk of 
misfires due to breaks inside the insulation, 
which is not justified by the small value of 
the wine saved. 

V\ hen the Iasi cap is connected, the 
whole serin should be rechedred, to make 
sure that no hole has been omitted, that 
no loose ends of wire are lying around, and 



lig. 9-24. Protecting caps against si ray 
currents 
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electrical hazards 


chat connections are tight. H is good prac¬ 
tice to squeeze each connection with pliers 
at this time. 

Bare connections may be propped up 
on sticks or rocks where necessary to keep 
them out of water, or from contacting wet 
ground. If any connections are unavoidably 
wet, they may be lightly taped or smeared 
with water resistant grease. 

If the shot is only of a few caps in a 
limited area, and the electrical source is of 
ample power, precautions against bare wet 
joints are necessary only if the water has a 
high mineral content. 

Fleet ri cal Hazards. Electric caps are 
supplied with a connection between the 
ends of the wires which is called a shunt. 
This prevents the accidental building up of 
opposite electric charges in the two wires, 
which might pass enough current through 
the cap to explode it. 

Such charges may be caused by the near 
presence of electrical machinery or trans¬ 
mission lines, a radio transmitter, stray cur¬ 
rents in the ground, thunderstorms, or 
static electricity from dust storms or escap¬ 
ing steam. Such currents in lead wires may 
often be detected by inserting a No. 47 
radio pilot lamp in the circuit instead of 
the cap. If it glows, conditions are unsafe. 

The best precaution to take in blasting 
near an electrical hazard is to use fuse caps 
and Primacord, However, certain precau¬ 
tions can be taken which will reduce the 
danger of using electric caps. 

Lead or other wires should not run par¬ 
allel to electric tines. 

The shunts should be left on cap wires 
until they are connected into the blasting 
circuit, and the circuit should be shorted 
until ready to fire. 

The two-cap layout in Figure 9-24 il¬ 
lustrates the method to be used. The lend 
wire is shorted at each end, A wire is con¬ 
nected to one lead, and to one leg of a 
cap. A connection is made from the other 
leg or the shunt, to one leg of the next cap 


which has its other leg connected to the 
return lead. Making cuts where indicated 
will include the cap in a firing circuit 
which is closed until the leads are separated 
at the battery end. 

Even with these precautions, however, 
blasting should be discontinued if there is 
a thunderstorm within five miles, or other 
severe hazards exist. 

A prtable battery-type radio (not FM) f 
left at high volume, is an excellent warning 
device for the approach of a thunderstorm. 

Testing. A circuit tester should be used 
for checking before attempting to blast. 
This device consists of a galvanometer and 
a silver chloride dry cell, which produces a 
current too weak to fire a standard blasting 
cap. The lead or cap wires are fastened to 
its terminals, and the action of the indicator 
needle shows the condition of the circuit. 

If the circuit is good, the indicator needle 
will move an amount inversely proportional 
to the resistance offered by the caps and 
wire used. Jf the needle does not move, 
there is an open break. If it moves only 
slightly, a loose connection, or a break with 



Fig. 9-25- Testing for break in blasting 
circuit 
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wires just touching, is indicated. ]f the 
needle moves farther than it should, a short 
or a ground is present, 

A single test may be made from the 
power end of the lead wires when wiring is 
complete, or each hole may be tested before 
hooking into the circuit. 

Any trouble in the system can be spotted 
by making a series of tests with a long con¬ 
necting wire. In Figure 9-25, the connect¬ 
ing wire, N, is fastened to one lead and to 
a tester post. The other post is touched in 
succession to connections E, F, G, H, and 
C. The bad reading will show up whenever 
the difficulty is inside the circuit being 
tested. As an example, if normal readings 
are shown at E and F, but an abnormal one 
at G, the trouble is in number 3 cap or its 
wiring. 

After the blasting circuit tests properly, 
tlie leading wire B is reconnected. An addi¬ 
tional lest is then made at the power end 
of the leading wires. 

Winning. Warning must be given of in¬ 
tention to blast. The type of warning may 
be determined by either Jaw or custom. 
For large blasts, particularly in pits employ¬ 
ing numerous men and machines, blasting 
should be done at specified times, as at 
twelve and at quitting time, and should be 
preceded by definite and well understood 
signals, such as horns, sirens, whistles, or 
yelling, long enough in advance to notify 
everyone and give them lime to prepare. 

A usual blast signal is a call of “Fire*' or 
“Fire in the hole, 1 ' repeated two or three 
times at intervals of ten to thirty seconds. 
Signals should be arranged by which men 
detailed to watch entrances to the area can 
stop the blast if necessary. 

It is the responsibility of the blasting 
crew to make sure that all personnel is out 
of the way, machines are protected, and 
that no visitors or trespassers arc where 
they can get hurt. 

The area, and particularly any roads or 
paths leading into it, should be marked with 


warning signs. If any public roads are 
within the danger area, traffic should be 
stopped at a safe distance. 

Firing* During the signaling, the wires 
are connected to the blasting machine or 
switch, or if a battery is used, one wire is 
connected to a post. To fire, the blasting 
machine handle is slammed to the bottom* 
or the switch is dosed. 

There is a wide divergence of opinion 
as to what constitutes a safe distance from 
which to fire a blast. Some experienced men 
will take shelter behind a nearby rock or 
tree, whereas others consider 500 feet a 
bare minimum. No one should stand in 
front of a face, at any distance. 

Proper barricading may be as safe as 
distance and more convenient. Full pro¬ 
tection requires some sort of roof or over¬ 
hang. A very safe spot is in the tucked-in 
bucket of a big dipper shovel which is 
turned away from the blast. The shovel it¬ 
self may be protected by wood lagging on 
the rear of the cab. 

The return to the blast should be stow 
for several reasons. The fumes* which dis¬ 
sipate in a few minutes in the open* are 
toxic and may cause severe headaches and 
nausea. If more than one hole has been 
shot, one of them may fire late. Rocks are 
occasionally thrown so high that they take 
a long time returning. Rocks or debris may 
be lodged precariously in trees. 

SPECIAL EXPLOSIVES 

Military explosives, of which the most 
widely known is TNT [ trinitrotoluene) are 
stable and difficult to detonate. They ate 
seldom used in commercial blasting. 

Some compounds now used (or blasting 
avoid the hazards ordinarily associated 
^ tth explosives so completely that they are 
called blasting agents. 

Ammonium nitrate (nitrocarbonitrate) 
is an industrial chemical and fertilizer that 
can be made to explode, but is so inert 
under all ordinary conditions that the In- 
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terstate Commerce Commission allows it to 
be shipped without the standard precau¬ 
tions required for explosives. 

It cannot be detonated by blasting caps, 
Primacord* or impact of bullets or steel 
weights. It does not cause headache* 
Explosive manufacturers advise that they 
have no record of any accidental explosion 
ever originating in it. However* the cruder 
industrial form figured its the disastrous 
Texas City explosion in 1947. 

For blasting use, the best known form is 
Nitramon (du Pont) but it can now be ob¬ 
tained from most explosives manufacturers. 

[n Nit ram on, the powdered chemical is 
packed in lacquered, rust-resistant steel 
cans. Standard sizes are 24 inches high 
with diameters ranging from 4V4 to 9 
inches. 

There is also a large borehole size, 16 
x 11 inches. Cans 2^ inches m diameter, 
with threads that permit them to be assem¬ 
bled in strings, are supplied for seismic 
prospecting. 

The charge is sealed into the can at the 
factory T and is never removed during han¬ 
dling or loading. 

Special primers arc made of similar cylin- 
drical cans packed with two grades of 
amatol, a compound of TNT and ammo¬ 
nium nitrate. One grade is cap-sensitive to 
a limited extent; the other, packed in the 
ends, is less sensitive and has sufficient 
strength to detonate adjoining Nitramon 
cans. 

The primer is initiated by detonating fuse 
looped through a triple tunnel on the side 
of the case. In loading a deep borehole two 
arc used, the tower one having two or three 
cartridges beneath it. 

The cans are lowered into the hole indi¬ 
vidually by a loop on the lop end, and a 
hook that automatically disengages when 
the line slacks at the bottom. For deep w ork 
it is convenient to run the tine over a tripod 
pulley and equip it with a snubbing device. 
These cartridges are not dropped because 


they might cut the Primacord. Also, the 
chemical is water-soluble, and a puncture 
in a wet hob might destroy its effectiveness. 

Although the detonating fuse is in con¬ 
tact with the whole charge, except for the 
two or three bottom pieces, it is only effec¬ 
tive on the primers. 

Nitramon cans will set each other off by 
concussion at distances of only 8 to 12 
inches in open air, and over a somewhat 
longer but undetermined range in a bore¬ 
hole. Small interruptions in the column 
from falls of gravel or small stones will not 
stop the explosion, but a rock of sufficient 
size to plug the hole might. 

Since the containers and the detonating 
fuse are both waterproof, and danger of 
accidental explosion is practically nil. holes 
can be loaded as soon as drilled, even 
if it will he days or months before they 
are to be shot. 

The above ground part of the fuse must 
of course be carefully protected, and a 
booster cap used on it if it has become wet. 

If a cartridge or a primer sticks part 
way down a hole, it can be cut out with a 
chum drill using plenty of water. Unex- 
ploded cans are considered entirely 
safe to load out of the muck pile by ma¬ 
chinery. 

This blasting agent is at its best in large 
well organized" jobs where explosives are 
used in "such quantities that ordinary types 
offer a considerable hazard and handling 
problem, where its slightly lower cost is an 
important factor, and where crews can be 
trained to take full advantage of its special 
features. 

It has practically entirely replaced dyna¬ 
mite in the Mcsabi mines, and in many 
other large operations. It is the preferred 
material for use in coyote boles. 

At present it is less used in smaller scale 
work, and where holes arc excessively rag¬ 
ged and caving. 

There are special blasting agents for 
seismic prospecting at sea, for blasting 
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burning coal in stripping work, and water¬ 
proof, highly insensitive free running pd!e[ 
form blasting agents. 

Liquid Oxygen Explosives. Liquid oxy¬ 
gen high explosives, sometimes known by 
the abbreviation L.O.X., are composed of 
finely powdered carbon, usually a special 
grade of lampblack, and liquid oxygen. 
When in prime condition, they are some¬ 
what more powerful than TNT or 60% 
gelatin dynamite, pound for pound. 

They are used only in open pit opera¬ 
tions, and never in coal or in rock contain¬ 
ing any carbon or oil. Their use is practical 
only near a preparation plant. 

Liquid oxygen has a temperature of 
— 300° F., and for this purpose is trans¬ 
ported and stored in special vacuum in¬ 
sulated tanks, vented so that no pressure 
can be built up. 

Cartridges are made up of very pure 
lampblack. One type is 21 inches long 
and is made in several diameters. The 
sniallest contains 2 pounds of lampblack 
and 7 of liquid oxygen, and die largest 
about three times that amount. 

The dry cartridges arc packed into an 
insulated ‘'soaking box' e that is placed on 
a scale and liquid oxygen added through 
a flexible metal hose until the correct 
weight is reached. The boxes are then de¬ 
livered to the blasting area, and arc well 
enough insulated to hold the cartridges at 
full strength for about 24 hours. 

As soon as the explosive is removed 
from the box, the oxygen starts to evapo¬ 
rate rapidly, and they nuut be placed in 
the hole within an hour to keep full strength. 

Standard loading procedures are fol¬ 
lowed, but work must be done rapidly. 
Stemming must be loose enough not to 
plug the hole, as if evaporating oxygen 
cannot escape freely. It will blow the stem¬ 
ming and some of the cartridges out of the 
hole. 

Shooting is done with electric caps or 
Frimacord. On detonation, a pound of the 


charge produces 8.4 cubic feet of carbon 
dioxide (CO*) gas. If It is not detonated, 
the oxygen will evaporate harmlessly in 
about six hours, leaving a cartridge or bag 
of inert lampblack. 

Use of this type of explosive therefore 
practically eliminates danger from unex¬ 
ploded charges, either in the drill hole or 
the muck pile, A little patience is all that 
is required. The materials are not explosive 
until they are combined, and then will 
bum violently but not explode unless con¬ 
fined. 

However, liquid oxygen creates a severe 
fire hazard as it evaporates. Air over-rich 
in oxygen can make smoldering cigarettes 
burst into flame, and ordinarily inert or 
slow r burning materials to burn violently, 
TEus fluid should therefore be kept at least 
150 feet from any open flame, smolder, or 
sparks. It should be kept from contact with 
oil, grease, and coal dust. 

Occasionally, carbon dioxide will collect 
in low places in dangerous quantities. It 
can be tested for by holding a lighted 
match a foot or so above the ground. If the 
match goes out in still air 7 personnel should 
keep out of the area until it dears up. 
Carbon dioxide is not toxic* but can suffo¬ 
cate by excluding oxygen. 

Shaped Charges* A case containing an 
explosive can be so shaped as to concen¬ 
trate the power of the explosion in one 
small area, building up its pressure and 
power in somewhat the fashion of a water 
nozzle. 

Shaped charges are used in armor-pen¬ 
etrating weapons such as the Bazooka, for 
tapping open hearth furnaces, cutting deep 
^dl linings, demolition and in many other 
applications. An application of interest to 
t ic excavator is that of breaking boulders. 

For this purpose, the unit b designed to 
produce a number of jets that combine just 
dow the boulder surface and rip it apart 
Jt n_r parts of the explosive force are 
channeled so that they knock down pieces 
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of rock that otherwise would fly through 
the air. 

The operation h about as convenient as 
mudcapping. but less noisy (although more 
noisy that blockholing) and uses mu eh less 
explosive. No drilling or covering (except 
to insure against rock scattering in close 
quarters) is required. 

PRESSURE DEVICES 

Coal and some other materials can be 
successfully blasted by releasing high P r<rS 
sure gases from tubes inserted in dri 
holes. ~ This gas may be produced by a 
chemical reaction initiated by electric cur¬ 
rent, or by heating a charge of highly com¬ 
pressed air or carbon dioxide. 

Release pressure is determined by a rup¬ 
ture disc in the discharge end of the tube, 
at the back of the borehole, which may be 
set at 10,000 to 22,000 p.s i. The maximum 
pressure is about one half that develop® 


Fig. 9-26A. Spot blasts 

by black powder, and one sixth that of 
permissible explosives, but the action is 
more sustained. Coarse breakage, with 
minimum undesirable dust and fines, is 
obtained- 


light blasting 

Light blasting, Figure 9-26A, includes 
loosening up of shallow or small outcrops of 
rock and breaking boulders. It may con¬ 
stitute the entire job, be done in connection 
with dirt excavation, or follow heavy blast¬ 
ing which has failed to cut to grade or slope 
lines or has left chunks too large to load. 

Chip Blasting. Shallow rock outcrops are 
most conveniently broken up by drilling 
and blasting. Unless the rock breaks readily 
along planes more or less parallel with the 
surface desired, it will be necessary either 
to drill much deeper than grade or to space 
the holes closely. It is often good practice 
to blast each row before drilling the next. 
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Fig. 9-26B. Charges for boulder blasting 


Loading may be light, or very heavy, but 
in general it is necessary to use more pow¬ 
der per yard of solid rock than in heavier 
work. 

Laminated or jointed formations may be 
shaken apart by light charges. 

Fragments may be thrown long distances, 
and mats used to confine them are more 
subject to damage than with deeper blasts. 

The amount and direction of throw can 
often be controlled to a large extent by 
drilling and loading procedures, A vertical 
hole causes scattering in all directions. A 
sloped hole tends to leave the lower slope 
in place and to throw the upper one away 
from it. Throw is reduced by increasing the 
number of holes, reducing the charges, or 
drilling deeper than required by the break¬ 
age line. These two last place the powder 
deeper where more of its power is applied 
to breaking and less to scattering. 

When breaking must be done exactly to 
a line, holes are drilled closely along the 
line and a variable number left without 
charges. 

K Inc kho ling. Boulders and oversize 
pieces of blasted rock may be broken by 
drilling a hole slightly more than halfway 
through, and exploding a small charge of 
dynamite in the hole. 

Fragments may be thrown long dis¬ 
tances, so (hat protection should be pro- 
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vided for the blaster and other personnel. 
High velocity explosive, or large charges, 
will produce finest fragmentation. 

Chip blasting may be called block holing 
also. 

An alternative to blockholing is to drill 
the rock and split it with a three piece 
wedge set called plug and feathers, The 
feathers are placed in the hole and the plug 
driven between them by a hand or air 
hammer. 

A crane and steel ball fskulkracker) is 
effective at reducing brittle rock. 

Mudcapping. Ledges may be chipped 
.md boulders broken by mudcapping in¬ 
stead of drilling. Heavy charges of dyna¬ 
mite are laid on the surface of the rock, 
primed, and covered with a few inches of 
mud. The explosion acts as a giant hammer 
blow and should split or crush the stone. 

Knowledge of the grain and jointing of 
rock is important in successful rnudeap- 
ping, I he charge is placed in the same place 
which, in handbreaking, would be hit with 
a hammer or opened with a wedge. In gen¬ 
eral hammer-tike crushing is most effective 
on loose boulders, and splitting on ledges. 

It is a common error to suppose that the 
torce Of black powder is chiefly exerted 
upward, and that of dynamite downward, 
n each case the explosion acts equally in 
all directions, but when it acts slowly it can 





























NOISE 


Hud and follow paths of least resistance, 
where the quicker acting dynamites deliver 
such a rapid blow that they will crush 
objects under them, even when not con¬ 
fined. However, a study of the table in 
Figure 9-2 6B, showing quantities of dyna¬ 
mite used for blockholing and mudcapping, 
will show the waste involved in open explo¬ 
sions, 

The mud pack over the charge is usu¬ 
ally two to six inches thick. It serves to 
confine the explosion slightly, increasing 
the force exerted on the rock and reducing 
noise and air-bome concussion. Mud is 
much more effective than dry or damp dirt. 

It should be free of stones or pebbles that 
would fly long distances. 

Charges can be fired on bare rock but 
are less efficient and noiser. 

Mudcapping is wasteful of powder, ex¬ 
cessively noisy, and less certain in effect 
than drill hole blasting. However, it causes 
less rock scatter than other methods of 
shallow blasting, and docs not require the 
presence of a compressor. 

Snakeholing. Boulders arc most readily 
broken if they are lying on the surface of 
the ground. If partly buried, the earth or 
other rock around them provide a support 
and cushion that may prevent or reduce 
the breakagc. 

Embedded boulders may resist machin¬ 
ery which can handle them readily once 
they are loosened up, 

Snakeholing consists of making a hole 
beside or under a boulder, and firing a 
charge sufficient to roll it out of the ground, 
and preferably to break it also, Any further 
breakage required can then be accom¬ 
plished by mudeapping. 

Snakeholing is more laborious than mud- 
capping, but is more economical of pow¬ 
der and is much less noisy, 

DAMAGE 

One of the contractor’s problems in con¬ 
nection with blasting is the possibility of 


real or imaginary damage being done to 
structures in the vicinity. 

An. explosive, if properly used, will ex¬ 
pend most of its energy in shattering the 
rock immediately around It. The remain¬ 
ing energy will set up waves or vibrations 
in the ground, and sound and concussion 
in the air. 

Noise. The noise of an explosion may 
cause most or all of the neighborhood diffi¬ 
culties, Madcaps, shallow blasts, over¬ 
loaded holes, fractured rock, and other 
conditions that allow the explosion to 
break out into open air before expending 
its energies, are productive of complaints 
all out of proportion to the amount of ex¬ 
plosive used. 

In the first place, the noise attracts at¬ 
tention to the fact that blasting is going on. 

It causes the householder to concentrate 
on trying to feci the jar or shake of the 
blast, to look for cracks in plaster, and to 
speculate about other damages that might 
be done. In many cases, the sound of the 
blasting will annoy sensitive people so that 
they will invent or exaggerate physical 
effects. The contractor or quarry operator’s 
first rule is therefore to blast as quietly as 
he can in any area where there is a possi¬ 
bility of complaint. 

This means a first rule of no mudcap¬ 
ping. This technique is not only wasteful 
of explosive, but a sure way to lose the 
good will of the neighborhood and of the 
insurance adjuster. 

Boulders and oversize blast fragments 
should be drilled before blasting. The noise 
is tremendously reduced, and it will usually 
be found that the saving on explosive and 
the better fragmentation obtained will more 
than outweigh the cost of the drilling. When 
there are only a few pieces, the nuisance of 
clearing the pit for blasting may be avoided 
bv piug-and-feather splitting. In brittle 
rock, a crane with a skull-cracker steel ball 
may be the most economical solution. 

In primary blasting, the noise, and par- 
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blasting damage 




Fig. 9-27. Sound travel from blast 


ticularly the shock quality of the noise, can 
be reduced by use of short period delays. 
Their more important effect on ground 
vibration will be discussed later, 

Long period delays are productive of 
complaints. They divide up a shot so that 
the amount of explosive detonated at one 
time is greatly reduced, but one explosion 
frequently uncovers the next in the series, 
making it very noisy. 

If a solid rock blast is a good one, the 
sound should be dull or muffled. Even a 
good blaster cannot always get this effect, 
however. If the face is fractured in places, 
lighter loading or greater burden should 
prevent noisy breakout. But this may cause 
poor fragmentation, with greatly increased 
need for secondary blasting. About the 
only genera! rule here is that the blaster 
should consider avoidance of noise one of 
his important objectives. 


This anti-noise advice is particularly ap- 
plicablc to quarries and open pit mines that 
are within earshot of residences. The con¬ 
tractor moves from job to job, his blasting 
may be only one of many nuisances as¬ 
sociated with an improvement, he may be 
finished and gone before people complain 
seriously. But the pit operator is tied down 
to one location for many years, and upon 
exhaustion of the material in which he is 
Cor ing, will probably wish to move to a 

S T ar same area. Cities and 

vi ages are acquiring an increasing power 
o regulate industrial activity, by means 
o zoning and nuisance regulations, so that 
he reputation the pit has acquired over a 
penod of years may actually determine 

e cr it can move, expand, or even stay 
in operation. ' 

fathCr SbwJ ?- lts dis,ribu ' 
13 affecte<t b y wi ads, as shown in Fig- 
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ure 9-27, by reflection from hills, clouds, or 
atmospheric layers, and by temperature 
and humidity. 

Concussion. Air home concussion is re¬ 
sponsible for a large share of the damage 
in bombing, and in accidental detonation 
of explosives, but is rarely a factor of im¬ 
portance in blast damage. It consists of 
one or more waves of highly compressed 
air moving outward from the explosion. 

Sufficient explosive to cause concussion 
more than a few feet away should not be 
used in mud capping. Even very heavy 
blasts in solid rode cause Little or no con¬ 
cussion if they are laid out and loaded 
properly. 

Any damage caused by concussion is 
usually obvious. Glass breakage in closed 
windows at right angles to the path of the 
waves is the most common result. In the 
absence of extensive glass breakage, it is 
very doubtful that any other parts of a 
structure could be damaged. 

When blasting must be done very close 
to a few buildings of small or moderate 
value, the question may arise whether the 
shots should be kept small enough to avoid 
damage, or whether it would be economical 
to blast more freely and repair resulting 
damage. If the latter, the inconvenience to 
owners or users of the building is a factor 
in the amount of compensation. 

If a building is to be endangered by blast¬ 
ing, windows should be opened or removed, 
particularly those on the facing and far 
sides of the house. Store windows may be 
braced as a routine precaution. Careful 
check should be made of the condition of 
plaster and masonry, so that claims need 
not be paid on preexisting defects. 

Rock Throw. Unexpected damage may 
be done by rock or other material thrown 
through the air by blasts. In general, shal¬ 
low blasts, overloaded holes, shots in rock 
with irregular resistance, and blockholed 
boulders give the most trouble in propor¬ 
tion to the amount of powder used. 


Thrown objects may cause injury or 
death, and their control is therefore of first 
importance. Property damage may or may 
not be severe, but at least claims filed on 
this ground are usually sincere. 

Danger of damage from rock throw may 
be reduced by increasing the number of 
holes so that smaller charges may be used, 
by sloping holes to throw rock away from 
danger points: by reducing the quantity or 
strength of powder, and handling any re¬ 
sulting oversize fragments by blockholing 
under mats or by the use of larger ma¬ 
chinery. 

Covered Blasts. Throw can be closely 
controlled by working downward, using 
smalt blasts and covering them with mats or 
chained logs. If the cover is large and heavy 
in proportion of the strength of the explo¬ 
sion, it will prevent any scattering of frag¬ 
ments. If the charge is heavy enough to 
lift the cover, it will move somewhat less 
than the average distance of throw to be 
expected from an uncovered blast, and 
fragments with higher than usual velocity 
will be held in. 

It is important that the cover extend 
several feet beyond the area being shot, 
particularly if the charge is heavy enough 
to lift the mat, as fragments might escape 
under its edges. 

When a power shovel is used to remove 
the shot rock, it is advantageous to use a 
woven steel mat as it is easily handled with 
chains, and provides a quicker and more 
secure cover than logs. The mat is lowered 
over the holes, or dragged in such a manner 
that it will not damage the wiring and cause 
misfires. 

Logs are used when no mat is available, 
or when there is no machinery on the job 
which can handle one. They should be long 
enough to overlap the blast at both sides, 
and Light enough to allow the crew to carry 
them by hand. Two chains should be laid 
on the ground first, the logs piled, and the 
chains fastened over them, preferably by 
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wired square knots. 

Chaining is important, as unfastened logs 
may be thrown farther than rocks. 

Neither mats nor logs should be laid 
directly over madcaps as they are liable to 
be thrown long distances, and severely- 
damaged as well. 

Blasting mats should be used wherever 
there is the slightest possibility of frag¬ 
ments reaching people or property. Even a 
scattering of sand or fine pebbles on their 
property will make people nervous and re¬ 
sentful, and is an indication that loading 
should be reduced or technique changed to 
a safer one. 

Ground Wires, The vibration or wave 
motion set up in rock and soil by a blast 
constitutes the principal source of both ac¬ 
tual and imagined damage to buildings. 
There are a number of varieties of waves, 
traveling both deep underground and along 
the surface. The latter are of primary im¬ 
portance to the blaster and to his neigh¬ 
bors. 

The study and description of the move¬ 
ment of particles of earth or rock in an 
earth wave from a blast is a highly tech¬ 
nical subject. There are push waves, that 
momentarily increase the density of (he 
ground, in the same manner as the concus¬ 
sion wave acts on the air. 

Particles are also shaken from side to 
side (shake or shear waves) and moved 
clliptically as well. These waves all start 
off together at a blast, but have different 
speeds, so they tend to spread out with 
distance. 

On the surface, the ground is forced into 
waves similar in shape to those caused by 
wind on water, except that their height is 
in thousandths of an inch, and the dis¬ 
tance from crest to crest is between 100 
and 1000 feet. Waves of these dimensions 
cannot be seen, but they may be felt in 
intensities as small as 1/100 of that re¬ 
quired to do damage. 

A diagram of the spreading of ground 


waves outward from a blast is shown in 
Figure 9-28, The amplitude (height) of 
the waves is greatly exaggerated. 

It takes a really huge wave of this type, 
such as might be found in a major earth¬ 
quake close to its source, to damage any 
material by shifting its particles. The trouble 
in structures arises when the foundation 
moves or changes shape with the earth in 
which it is embedded, but the inertia of the 
rest of the building causes it to try to stay 
in its original place, with resulting stresses 
set up between foundation and upper struc¬ 
ture, The effect is similar to that caused by 
a heavy wind that pushes and slightly de¬ 
forms the house, but cannot affect the 
foundation, and its effect on the structure 
is seldom more serious. 

Surface earth waves in soil ordinarily 
have a frequency of from 4 to 20 cycles a 
second. 10 cycles are used as a standard 
in calculating blast results. The body waves 
traveling deep underground may have a 
frequency between 20 and 90 in rock, and 
travel between S000 and 26,000 feet a 
second. 

Loose soil moves further (mokes a big¬ 
ger wave) than rock, but it also absorb* 
and damps out the wave in a shorter dis¬ 
tance. The wave height or amplitude, and 
therefore the possibility of damage, is about 
10 times greater in normal overburden 50 
feet or less in depth, than in rock. Very 
deep overburden may shake 30 times as 
much as rock. 

Displacement The Bureau of Mines has 
conducted extensive investigations into the 
effect of earthbome waves on buildings. It 
is interesting to note that they were forced 
to resort to machine-induced vibration, as 
they wore unable to find any quarry or 
tunnel job that produced sufficient jarring 
in its vicinity to make investigation pos¬ 
sible. 

The finding is that displacements be¬ 
tween 100 and 250 thousandths of an inch 
(.100 to ,250) were usually required to 
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Fig. 9-28. 

crack or loosen plaster. Occasionally minor 
cracks were caused by motion of .050, in 
tests in buildings in the neighborhood of 
commercial blasting, many of them where 
complaints had originated, they found vi¬ 
bration to be only .01 to .001 of an inch. 
These observations were taken at a cycle 
frequency of 10. 

As a result of these tests, the Bureau 
set up as a safe standard the keeping of 
blasting vibrations below ,050 and the as¬ 
sumption is made that any apparent dam¬ 
age arising from less displacement has other 
causes. 

Energy Ratio, Insurance companies have 
conducted tests that also included the part 
played by acceleration of earth movement 
in building damage. Acceleration is the rate 
at which a particle changes from a state of 
rest to the maximum motion imparted by 
the wave, and since inertia and resulting 
lag in motion of parts of a structure are 
the chief source of damage, this accelera¬ 
tion has great importance. 

They use a term. Energy Ratio, abbrevi- 


G round waves 

ated E.R., that is obtained by dividing the 
square of the acceleration by the square of 
the frequency of the waves. When E.R. is 
3, old buildings that have been pre-stressed 
by uneven settlement or warping may show 
slight damage, but sound buildings will be 
unaffected. At 6, there is a strong proba¬ 
bility of damage to residential structures. 
An E.R. of 3 corresponds very closely to 
the displacement of .050 inches displace¬ 
ment used by the Bureau of Mines, so the 
two separate approaches lead to the same 
result. However, there are serious discrep¬ 
ancies between these somewhat theoretical 
conclusions, and damages found near ac¬ 
tual operations. 

Reasons for Complaints.* Studies indi¬ 
cate that much greater vibrations arc pro¬ 
duced in house structures by slamming 
doors, running, and often by street traffic, 
than by even severe blasting. It would ap- 

• The material in this and two following sec¬ 
tions hat been rewritten to include findings from 
further research leading to conclusions differing 
from those originally presented. 
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pear that at ordinary distances the ground 
and air vibrations set up by heavy blasts 
are so weak as to be incapable of affecting 
any structure. Yet complaints and claims 
for damage pour in on every blasting job. 
Why? 

There are a number of reasons. One is 
that die ability of rock, soil, and water to 
transmit vibration varies much more dian 
h indicated by the relatively superficial 
testing that has been done. 

Bulletin 442, U.S. Government Printing 
Office, J942 t gives a table of vibration 
amplitude to be expected from various 
weights of explosives at distances from 100 
to 6000 feel. This is frequently used as a 
guide to safe practice by contractors, with 
the approval of insurance inspectors. 

It would appear from this table that 600 
pounds of explosive would not produce 
sufficient ground waves to damage a house 
on average overburden 100 feet away. (!!). 
But there are records of high five figure 
awards paid for damages done to a village 
two miles away from an underwater blast 
of this size, indicating a difference of over 
10,000 per cent between theory and fact. 

Contractors frequently blast much more 
heavily than is indicated by their records 
and statements, particularly when a job 
gets behind schedule. Mistakes in loading 
can occur. Variation in the strength and 
quality of explosives can be a factor. 

Most of the checking of blast damage to 
date has been done by representatives of 
mining sind insurance interests who are 
more interested in disproving it than in 
impartial study. Some of the instruments 
used for measurement leave much to be 
desired. 

There are also psychological reasons for 
exaggeration of blast damage. Bomb dam¬ 
age received very extensive publicity dur¬ 
ing the last war and made people over 
conscious of the dangers of explosives. 
There is also fear and resentment of the 
unusual, that makes blast vibration appear 


more significant than that from a truck. 

Still another factor is coincidence, Resi- 
denees T and plastered buildings generally 
show cracks and changes in shape progres¬ 
sively throughout their life. Each crack 
must have a time of appearance. There is 
no reason why a crack should not appear 
at about the same time as a blast, even if 
there is no cause and effect relationship. 

Many people are so unobservant that 
they can live in a house with cracked 
plaster and sagging beams for years, rot 
noticing until the rumble or jar of an ex¬ 
plosion makes them look for possible dam¬ 
age; Cracks and defects then appear to be 
a direct effect. 

Pre-stressing. One of the principle de¬ 
fenses advanced by defendants in blasting 
damage suits is criticism of the condition 
of the structure before the blast. If it is 
in a condition of stress due to unequal 
settlement, warping or shrinking of timbers, 
or overloading* it wi]| change in shape and 
its plaster will crack. 

If a blast vibration is within “safe" 
limits, an over-stressed condition may cause 
cracking from the blast. The theory is that 
if the blast had not been set off, the same 
cracks might have developed shortly from 
natural causes. 

In general, the poorer the quality of 
construction, the greater the probability 
that stresses will develop, plaster crock, and 
mis-alignment occur. But this is not always 
so, 

The Bureau of Mines has prepared a list 
of 40 reasons for cracking of wall and ceil- 
mg plaster as a result of defects in con¬ 
struction. These are of interest not only in 
respect to blast damage, but as warnings 
of mistakes or economics to avoid when 
building, They are: 

L Building a house on a fill 

2. Failure to make the footings wide 
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3. Failure to catty the footings below 
the frost line. 

4. Width of footings not made propor¬ 
tional to the loads they carry. 

5. The posts in the basement not pro¬ 
vided with separate footings. 

6. Failure to provide a base raised 
above the base mem floor line for 
the setting of wooden posts. 

7. Not enough cement used in the 
concrete. 

8. Dirty sand or gravel used in the con¬ 
crete. 

9. Failure to protect beams and sills 
from rotting through dampness. 

10. Setting floor joists one end on ma¬ 
sonry and other end on wood. 

11. Wooden beams used to support 
masonry over openings. 

12. Mortar, plaster, or concrete work 
allowed to freeze before setting, 

13. Braces omitted in wooden walls. 

14. Sheathing omitted in wooden walls 
(excepting in ‘'black-plastered'* con¬ 
struction ). 

15. Drainage water from roof not car¬ 
ried away from foundations. 

16. Floor joists too light. 

17. Floor joists not bridged. 

18. Supporting posts too small. 

19. Cross beams too light. 

20. Subflooring omitted. 

21. Wooden walls not framed so as to 
equalize shrinkage. 

22. Poor materials used in plaster. 

23. Plaster applied too thinly. 

24. Lath placed too closely together. 

25. Lath run behind studs at comers. 

26. Metal reinforcement omitted in 
plaster at comers. 

27. Metal reinforcement omitted where 
wooden walls join masonry. 

28. Metal lath omitted on wide expanses 
of ceiling. 

29. Plaster applied directly on masonry. 

30. Plaster applied on lath that is too 
dry. 


31. Too much cement in the stucco. 

32. Stucco not kept wet until set, 

33. Subsoil drainage not carried away 
from walls. 

34. First coat of plaster not properly 
keyed to backing. 

35. Floor joists placed too far apart. 

36. Wood beams spanned too long be¬ 
tween posts. 

37. Failure to use double joists under 
unsupported partitions. 

38. Too few nails used, 

39. Rafters too light or too far apart. 

40. Failure to erect trusses over wide 
wooden openings. 


The pre-stress argument is unpleasantly 
reminiscent of the whitewash given the 
Donora smog by a group of doctors. They 
said in effect that it was nothing to fuss 
about, as only people with a previous his¬ 
tory of respiratory disease had died. 

It would be unjust to allow reckless 
blasters to evade payment of damages on 
these grounds, or to make property owners 
go without recompense because their build¬ 
ing standards fall short of those set up by 
the Bureau of Mines. However, blasters 
should not be compelled to subsidize sub¬ 
standard construction. It is likely that most 
cases where pre-stressing is actually proved 
should be subject to compromise settle¬ 
ments. 

Water Supply. Blasting sometimes causes 
springs and even deep wells to go dry. The 
vibration causes underground movements 
that may dose water passages or open new 
ones. However, explosives are probably 
responsible for only a fraction of the diffi¬ 
culties for which they arc blamed. 

Underground water circulation is under 
constant change. Old seepage veins become 
plugged with mineral deposits, new ones 
are opened by solution and erosion. 
Changes in rainfall pattern, in conversion 
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of forest land to farms, or back again* may 
alter the quantity and location of under¬ 
ground water over a wide area. Over-pump¬ 
ing will lower the water table. 

A new well may tap into an underground 
reservoir of limited size, which once pumped 
out will not refill, Such a well may show 
a very high yield on its first test, hut de¬ 
cline markedly after long use, when it 
comes to depend on circulating water only. 

Keeping Out of Trouble* Under all 
ordinary circumstances, blasting should be 
kept light enough not to damage buildings. 
The job should be figured on a basis of 
conservative blasting, and the work done 
the same way. 

Short period delays are a real friend to 
the man who wants heavy blasts, but is 
surrounded by structures. Up to 70 percent 
of the charge of an instantaneous blast can 
be used with EACH of ten or twelve short 
delay periods, without increasing the vibra¬ 
tion. Or to look at it another way* the same 
loading can be used as for an instantaneous 
shot, and ID periods used to cut the dam¬ 
age potential by four-fifths. 


Even with ultra-conservative procedures, 
inspections should be made of nearby build¬ 
ings before blasting. If property is valuable, 
vibration-testing devices will be supplied 
by the insurance company or by a blasting 
consultant to measure the disturbance 
caused. Such instruments should be used 
to check the next blast in any building or 
area from which complaints are received. 

As detailed before* noise should be kept 
to & minimum. If there are few people in 
the area, it should be possible to notify 
them before blasts, so that they will not 
feel it necessary to be tense all day waiting 
for an explosion. Another method, appli¬ 
cable lo heavily populated areas also, is 
to set a definite time or times each day 
for shooting, and stick to it. 

If a claim is made and h justified it 
should of course be paid. But if it is clearly 
unjustified, it probably should not be paid 
even if apparently too small to be worth 
arguing about. One paid claim is likely to 
bring in a dozen or a hundred others, and 
the contractor might find himself replaster¬ 
ing and decorating a whole town before 
he knew what hit him* Payment of any 
claim makes any other much harder to de¬ 
fend in front of a jury. 

Of course, a contractor should protect 
himself with insurance* and usually does. 
But in the long run the premiums he pays 
are based on what the company pays out 
for damages* so their interests are identical. 


DIGGING UNDERGROUND 


TUNNEL WORK 

Tunnels ate underground passageways 
of any size, and may be natural (as in lime¬ 
stone caverns) or made by animals or men. 
Those discussed in this section are man 
made. They serve a variety of purposes, 
including mining, water supply and drain¬ 
age, laying sewer and other pipes, railroad 
and vehicular shortcuts or water crossings, 
and air raid protection. 


Rock tunnels are driven through solid 
material that usually requires blasting and 
may support itself permanently, or at least 
long enough to allow setting up of bracing 
after digging out a short section. Soft 
ground tunnels involve digging or pushing 
aside sod, and the roof (called the crown) 
and the walls may require support before 
removing the soil. Mixed-face involve going 
through both types of ground, either to¬ 
gether or in different sections* 
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Men have driven tunnels since prehis¬ 
toric times. They usually worked in rock, 
because the difficulty of digging it was more 
than compensated by its ability to hold 
itself up. Cutting was done with hand tools* 
or by heating the face with wood fires, 
then throwing cold water or cold water 
and vinegar on it to cause sections to crack 
off. 

The vinegar technique, with little or no 
ventilation, must have been really rough on 
the slaves who did the work. A rough ap¬ 
proximation of the atmosphere might be 
obtained by building a good blaze in a 
fireplace, shutting off Lhe chimney damper, 
then putting out the fire with vinegar. 

Layout and Problems, The methods used 
to drive a tunnel vary tremendously with 
the nature and water content of the material 
to be penetrated, depth and size required, 
surface conditions along the route, time 
allowed, and background of the men doing 
the job. There is space in this section to 
indicate only a few of the problems most 
often encountered, and some standard pro¬ 
cedures used in solving them. For a more 
detailed discussion, the reader is referred 
to '"Practical Tunnel Driving 1 ' by Richard¬ 
son and Mayo, McGraw-Hill Book Com¬ 
pany, 1941 and to ' l Rocfc Tunneling with 
Steel Supports 51 by Proctor* White and 
Tcrzogh, Commercial Shearing and Stamp¬ 
ing Co., 1946. 

"Famous Subways and Tunnels of the 
World' 1, by Edward and Muriel White, 
Random House 1953, is an excellent ac¬ 
count of the history and methods of tunnel 
driving for Laymen, both children and 
adults. 

The diagrams in Figures 9-29A and B 
show the layout of a simple tunnel job, and 
the names for some of its parts. If it is 
driven more or less horizontally into a 
hillside, the opening is called the portal, 
The working face, where the digging is 
done, is the heading. Vertical access tun¬ 
nels descending from the surface to the 


main tunnel level are known as shafts. 

In the tunnel itself, the floor is the invert, 
and the roof is the crown. The spring line 
is the meeting of the vertical side wall with 
the curve of the roof arch. A supporting 
shelf cut at this line is the hitch. A small 
pioneer or accessory tunnel is called a 
drift. Standard cross sections are rectangu¬ 
lar, round, and horseshoe, 

There are a great many special problems 
connected widi even a simple tunnel proj¬ 
ect. To the open-cut man, one of the most 
impressive is lack of space. Many tunnels 
have been driven with cross sections as 
small as 4 x 4 feet—not even big enough 
to stand in. Twenty to thirty fool diameter 
tunnels are big, yet they provide a floor 
width that would be considered skimpy for 
a haul road on top. 

Equipment to be managed at and near 
a tunnel heading may include a drill jumbo 
(a movable frame almost as big as the 
tunnel, carrying a battery of drills), a 
machine for loading muck (the below¬ 
ground name for spoil) and rail cars or 
rubber-tired trucks to remove it; the same 
or other cars or trucks to bring drill steel, 
bits, explosives and other supplies to the 
heading, a locomotive to push and pull cars, 
and a switching or passing device to per¬ 
mit hauling units to get past each other, 
although there is often room for only a 
single width of track or roadway. 

There will be high pressure air pipes to 
supply Lhe drills, and often large low pres¬ 
sure ducts for ventilation. Overhead wires 
or ground cables carry electricity for light, 
power, and blasting juice. Water under 



Fig. 9-29B. Tunnel cross sections 
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pressure may be supplied for wet drilling. 
A system of drainage, pumping, or both 
may have to handle tremendous volumes 
of water. 

In addition to the regular equipment 
there may be need for a diamond drill to 
mate test and grouting holes, grouting 
equipment to seal of! leaks and solidify wet 
ground, and/or a movable buffer to con¬ 
fine rock throw from blasts. 

If the tunnel is to be timbered for sup¬ 
port, or lined for support or for permanent 
use, the crews and materials for this work 
may follow the digging closely, and in any 
event will have to work in and over the 
single entrance w r ay. 

If driving is from a shaft, its bottom is 
another crowded pint. Haulage equipment 
may be lifted to the top to dump, or dump 
into containers at the bottom. Supplies must 
be unloaded from the elevator cages and 
reloaded for hauling to the face. Men com¬ 
ing to work and leaving it, and supervisors 
and inspectors wail here for transportation 
to the surface. Pumps, compressors, and 
even drill and repair shops may be located 
in skimpy quarters excavated near the 
shaft. 

Sequences are very exacting. The tunnel 
cycle (the succession of drilling, shooting, 
and mucking) must keep the largest pos¬ 
sible number of men and machines usefully 
employed, and the time interval from any 
operation to its repetition should not vary. 
Whenever possible, two or more operations 
should be performed simultaneously, as 
drilling the top of a face while digging the 
bottom, and installing lining a few feeE back 
al the same time. 

When two headings driven from one 
shaft are close together, one may be drilled 
while the other is shot and mucked. With 
increasing distance the advantages of this 
arrangement are reduced. 

Most tunnel crews are the universal type, 
and perform all operations in the cycle. 
This saves the contractor from paying a 


crew waiting time because of a delay in a 
prior operation. 

Speech Under favorable conditions, tun¬ 
neling may progress very rapidly. The 
Owens River Gorge Power Tunnels in the 
Los Angeles; water system were driven as 
fast ns 104 feet in a day, and 2442 feci in 
the best 31 day period. 

On a start-to-finish basis, the fastest 
tunnel on record is the six mile Carlton 
drainage tunnel in Cripple Creek T Colo¬ 
rado, which was completed in under 2 
years. Both of these were about ten feet in 
diameter, and unlined. 

The 25 foot diameter Kemano Tunnel 
in British Columbia set a record in 1952 
of 274 feet in 6 days. 

The longest tunnel in the world is the 
$ 5-mile Delaware Aqueduct in the New 
York City water system. This was driven 
from 26 shafts, with no single section 
longer than 5 miles. The longest tunnel 
driven from just two headingifis the 13- 
mile Alvah B. Adams in Colorado. 

Gold mines at Kimberley # South Africa, 
hold the depth record at 9000 feet These 
tunnels must be air conditioned, as other¬ 
wise the heat would make it impossible to 
work in them. 

I he 12-mile Simplon tunnel in the Alps 
is 7000 feet beneath the surface at one 
posnL Temperatures up to 131 degrees 
were encountered in drilling it. 

The record for maximum excavation in 
a single tunnel project is now being made 
in twin power (unnels at Niagara Falls in 
Canada, These are each 51 feet in diameter 
and 5Vi miles long, and together may re¬ 
quire over 5,000,000 yards of excavation. 
See Figure 9-36 r 

Hi ere is such constant improvement in 
tunnel driving technique^ and increase in 
confidence to undertake bigger projects, 
tlm some or all of these records may have 

been surpassed by the time this book h in 

print, 

Ptant The P lan t at 3 tunnel may include 


9*42 


EXPLORATION 


the tower, hoist, and hopper; compressors, 
low pressure ventilation system, water 
pumps, electric transformers or generators, 
change rooms with showers and lockers, 
provision for emergency treatment of in¬ 
juries, a blacksmith* forging, and bit dress¬ 
ing shop; welding and repair equipment, 
and telephone or radio communication sys^ 
terns. 

Compressors arc usually at the surface. 
They are usually of the two-stage type, and 
have an aftercooler as well as an inter¬ 
cooler, lo avoid transporting any heat of 
compression into the heading, which is 
often too hot already. 

Alternating current is used. When possi¬ 
ble, it is purchased from a utility. It is 
usually stepped down to 220 or 110 volts 
at the entrance, but on some jobs is taken 
in at several thousand volts* in armored 
parkway three-wire cable. Dry transformers 
(oil filled ones arc a fire hazard under¬ 
ground) are set about a thousand feet back 
from the faces^ and advanced in long jumps 
as progress warrants. This system avoids 
the power loss and voltage drop associated 
with long distance transmission of low volt¬ 
age current. 

There may be three electric circuits in 
the tunnel, a 220 or 440 volt for power, a 
110 volt for light* and a high voltage line 
for firing explosives. Some operators stand¬ 
ardize on 220 for both lighting and power, 
220 bulbs are sometimes a nuisance to get 
in this country, but they have the advantage 
of being useless in an ordinary lighting 
circuit, so they are seldom pilfered. 

There may also be a two inch fine to take 
water to wet drills. This water may have to 
be picked up outside the tunnel if the 
groundwater is heavily mineralized. 

Surveying, Tunnel sections meet each 
other far from their portals or shafts* some¬ 
times after curves* with uncanny precision. 
Djfferences usually vary between a small 
fraction of an inch up to several inches. 
These are too small to be noticed on the 


walls* but are measured at the surveyed 
center line (axis). 

An underground direction is obtained by 
establishing a base line at the surface, run¬ 
ning close to the line of the tunnel. This is 
very carefully done T and it is marked at 
frequent intervals by permanent monu¬ 
ments, with exact points pricked into cop¬ 
per bolts embedded in concrete. 

Two plumb bobs weighing twenty to 
thirty pounds each are suspended close to 
the bottom of the shaft by piano wire from 
the surface. They are as far apart as shaft 
width permits. Vibration and tendency to 
swing may be dampened by hanging them 
in pails of water. Very careful observations 
are taken of the wires at the surface, rela¬ 
tive to the proposed tunnel center line. 
Direction is identical with that of the same 
wires at the bottom. 

Careful observations are taken of the 
bottom part of wires, using a very accurate 
instrument and special sighting devices. 
Readings are taken over and over again, 
and the results averaged. The tunnel Sine 
is then established in the correct direction, 
by reference to surface readings. 

This work must be done at a time when 
men and equipment are not working, as 
ventilating currents and vibration can dis¬ 
turb the wires, 

The line is extended through the tunnel 
on spuds (markers) driven into plugged 
holes in the roof. These are also used for 
grade checking. 

Kxploration. Tunnels are seldom driven 
blind. Preliminary drilling is done along 
the route to determine the type of rock, the 
amount of water to be expected, and the 
danger of mud slides. Test holes are drilled 
from the surface, usually with diamond 
drills that can bring up cores for inspection. 

Diamond drilling may also be done from 
the heading* where dangerous conditions 
are expected. This precaution has often 
revealed the presence of such quantities of 
water or unstable soil ahead, that disaster 
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Fig. 9-30. Underground exploration and tunnel detour 


might have resulted had it been broken 
into by a full-face blast. 

Figure 9-30 shows extensive core drilling 
that was done for a sewer tunnel under the 
East River, New York City, in order to 
find a way to avoid a dangerous seam of 
decayed rock. 

Dangers, Underground work is naturally 
very dangerous* and it is greatly to the 
credit of tunnel men and labor departments 
that there are so few accidents. 

The most evident danger is that of col- 
lapse, Most soils and many rock formations 
will slump rather quickly into any hole cut 
under them, In any given material, this 
tendency increases markedly with depth. 
Below 500 feci even apparently firm rock 
may creep, and break off slabs with ex¬ 


plosive violence. There is always danger 
of loose pieces falling. 

Caving and breaking off are combatted 
w ith compressed air T timbers, steel and con¬ 
crete linings, and holding bolts. 

Tf the soil will not stand at all without 
support, bracing must be installed ahead of 
the digging; or the heading protected by 
a movable shield. 

Water, with or without accompanying 
soil, may break into a tunnel in such vol- 
umc as Xo flood it completely within 
minutes. Escape of men may be difficult, 
machinery is apt to be abandoned, and an 
expensive and tedious job of scaling off the 
water and pumping out the tunnel is often 
required before work can be resumed, 

Hte must be carefully guarded against. 
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exhausts. Explosives produce fumes. Some 
clay and rock formations give off unpleasant 
or poisonous vapors. The increasing use of 
internal combustion engines underground 
makes tremendous demands on ventilatkwi 
systems that try to clear out dangerous or 
irritating exhaust gases. 

Silicosis, a lung disease caused by breath¬ 
ing dust from rock drills over long periods, 
was formerly one of the greatest health 
dangers of tunnel work. It now can be 
almost entirely avoided by wet drilling and 
good ventilation. The Delaware Aqueduct 
used 10,000 feet of air a minute at each 
heading. A standard requirement is 1500 
CFM per drill. 

Shallow' rocks are cool* but in deeper 
work an increase of 1 15 F. for every fifty 
feet of depth can be expected - 

Noise is deafening, particularly during 
drilling, as the sound echoes back and 
forth in the confined space. Diesel engines 
are adding to the uproar. 
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particularly on jobs using compressed air 
and/or timbers. 

Air conditions arc difficult to keep 
healthy. Drills produce rock dust, and most 
air powered machines have foul* oil-charged 
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Fig. 9-31. Shaft and heading equipment 
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Fig, 9-32+ Wedge drilling in shaft 
SHAFTS 

Shafts—vertical passages between the 
tunnel and the ground surface over it— 
arc required for the majority of timne] jobs. 
They are sometimes the only access. Even 
when there are portals, shafts shorten the 
time required to do the work, as each makes 
it possible to work on two extra headings. 
Jn addition, underground hauling is a head¬ 
ache, and runs should be kept as short as 
practical. Some shafts are part of the per¬ 
manent tunnel project. 

The advantages of shafts must be bal¬ 
anced against the considerable expense of 
sinking and equipping them. 

Shaft location may be chosen to keep 
depth to a minimum, as in the troughs of 
valleys over the tunnel; to take advantage 
of an easily worked or stable formation; 
or on the basis of surface conditions such 
as cheap land, nearby dumping areas, or 
distance from areas where noise and ap¬ 
pearance might be considered objectionable. 

Size. Shaft size is highly variable, de¬ 
pending largely on the volume of material 
it must handle and the size of objects that 
must be lifted and lowered, A minimum 
size, about II by 13 feet inside the lining* 
accommodates a single hoist and supply 


elevator and a ladderway. The ladderway 
includes a ladder, electric and high pres¬ 
sure air lines, w r ater pump discharge pipe h 
and ventilator ducts* all of which must be 
protected from swinging loads or falling 
chunks. 

The headframe is a lower of prefabri¬ 
cated steel, as in Figure 9-31* or may be 
built with timbers. This carries the hoist 
sheaves, dumping mechanism, and the dis¬ 
charge chute or hopper. The hoist engine 
and w r inch is ordinarily in a separate struc¬ 
ture nearby. 

Soil Excavation. Digging is started with 
a clamshell, which can dig soft soil unaided, 
and remove hard soil and rock after they 
have been loosened. One or two signalmen 
direct the operator's movements, as he can¬ 
not see the bottom, and any wrong move 
with the heavy bucket might be disastrous 
to the workers. The clamshell is ordinarily 
not used below a 25 foot depth. 

The next stage may be to replace the 
digging bucket with a light bucket or con¬ 
tainer that is lowered to the floor, Eind 
loaded by hand or by equipment suited to 
the cramped work space. The container is 
raised out of the shaft by the hoist line* 
swung to the side, and dumped by a trip 
device or by hand. This may be used to a 
depth of 100 feet, or a direct transition may 
be made from the digging bucket to use 
of the headframe hoist. 

A special small clamshell may operate 
from a platform close to the bottom, load- 
ing the containers that are lifted past it to 
the top by the main hoist. 

Blasting. In shaft rock blasting all the 
holes are light—that is, there is no open 
face to permit sideward throw of the rock 

so that dose drilling and heavy loading 
,trc the rule, it is necessary that the rock 
be cut back cleanly to the digging lines 
and important that overbreak be kept to a 
minimum, because of the high expense of 
removing muck, and the frequent require¬ 
ment of filling all spaces outside the lining. 
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Fig, 9-33, Burn cut 

Figure 9-32 shows typical drilling pat¬ 
terns for shaft and tunnel work. A set of 
two or more converging angle holes (wedge 
holes) are drilled, and other sets of straight 
or slightly angled holes next to them, until 
the rim is reached. The wedge holes are 
heavily loaded* so that they crush and kick 
oui the rock between them, making an 
opening into which the rock around can 
move sideward when the next ring of holes 
is fired. These in turn make space for the 
next set. Firing is best done by short period 
delays. 

In (B) the floor is lowered on only one 
side in each shot. This permits drilling to 
be resumed on one side while muck is 
being loaded from the other. 

Figure 9-33 shows a bum hole shot, with 
the center holes parallel instead of angled. 

The blast is fired from the top, after all 
men and equipment are out of the shaft, 
except that in very deep work some equip¬ 
ment might be merely raised far enough to 
be out of immediate danger. 

After thy explosion the bottom will be 
Tull of fumes, which would take a long time 
to dissipate naturally These may be blown 
out by lowering the tool air lines with the 
ends open, or extending low pressure ven- 
lilating ducts to the bottom. (These have 
to be dismantled or pulled back a consider¬ 
able distance to avoid damage from the 
blast.) A suction line (foul air duct) is 
more effective at cleaning the air than a 
blow or pressure line, as the fumes tend to 
settle. 




Fig. 9-34, Raise and glory hole shaft exca¬ 
vation 


Some shafts arc large enough to provide 
space to load the muck by machinery, but 
in many of them it is tossed, rolled, or 
hand shoveled into buckets or skips, that 
are removed by the hoist when filled. The 
best fragmentation for this type of loading 
is usually one-man stone, that is, pieces 
that one man can handle conveniently. 

Drilling can be resumed as soon as part 
of the bottom is cleared. Six or seven foot 
steels giving a five foot penetration are 
often used* but longer or shorter ones may 
be better in particular circumstances. Hand 
and wagon drills are standard, although 
special jumbos have given good results. 
Working Lip. When a large shaft is re¬ 
quired as part of the finished job, but is 
not needed for the early tunnel work, it 
may be more economical ly cut from below. 
With this method the blasted rock falls to 
the tunnel floor, and is removed through 
the portal. 

The glorv hole method is to sink a smalJ 
pilot shaft to the tunnel, then to dig the 
large shaft from above, blasting or pushing 
the muck into the small shaft so that it will 
fall to the tunnel. See Figure 9-34, 

Shaft Lining. In soft ground the shaft 
is protected from caving by setting sheeting 
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Fig, 9-35. Timbering for small shafts 


planks or sheet piling, held by whalers, in 
much the same way described earlier Tor 
ditches and cellars. The whalers are inter¬ 
locked at the comers to hold each other in 
position, and additional divider beams may 
be rim across between the ladderway and 
the hoist way. See Figure 9-35, 

If the soft soil is too deep to be held by 
sheeting driven from the top, successive 
layers can be driven from Inside the shaft, 
inside the upper ones. If the sheeting is 
driven with an outward batter* shaft size 
will be preserved. If driven straight, the 
inside diameter of the shaft will decrease, 
so that the top would have to be oversize 

SMS 


to allow it to be full sbe at die bottom. 

Shaft lining or timbering is required for 
the hoist and to a less extent for the utilities 
even when the soil or rock is self-support¬ 
ing. When not needed for wall support* 
li 3ii he ring may follow twenty or more feet 
behind the digging, to avoid interference 
with the work, and damage to the lower 
section in blasts. 

The lining must be supported vertically 
to prevent it from slipping down. Each new 
set is fastened by hanging bolts to that 
above, and every hundred feet or so hori¬ 
zontal notches or shelves are cut into the 
walls to provide fresh support. 


















































Fig, 9-36. Tunneling with big equipment 


Timbered shafts are usually rectangular, 
while metal or concrete linings call for 
circular cross section. Steel ribs are made 
up, curved to the proper arc, and divided 
into two or three pieces that are lowered 
endways and then supported by hanging 
bolts until fastened into a full circle. The 
actual lining or lagging may be sheet piling 
or similar material or the ribs may be built 
as liner plates, with curved Ranges which 
butt against those above and below to make 
a continuous sheet. 

A continuous lining or lagging is used 
in soil that might squeeze between ribs or 
timbers, or in rock dial scales or breaks 
off so that falling pieces would endanger 
workmen. Unbgged walls may often be 
kept intact by spraying with concrete or a 
bituminous mixture. 

Drainage. Most shafts are wet, ff there 
is only a little water it can be bailed into 
the bucket and hoisted with the muck. 


More often it is removed by a pump with 
a discharge line reaching lo the surface or, 
if the height is great, to one or more pumps 
that help push the water out of the shaft. 
All pumps used in deep shaft work should 
be able lo develop very high discharge 
pressures, so that a good lift can be ob¬ 
tained between boosters* 

If water conditions are severe, the area 
may be predrained by sinking 4 to 12 inch 
holes with chum drills, and pumping from 
them. Depth is too great for ordinary well 
point work from the surface, but in flowing 
ground well points may be sunk from the 
shaft bottom or sides, and the water re¬ 
handled by the regular pumps. 

A deep wet shaft should have gutters and 
sumps at intervals, to catch water running 
down the sides. Pumping to the top from 
intermediate points is more efficient than 
allowing it to gel down to the bottom, and 
raising it from there. 
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Fig, 9-H, Tumid headings 


HEADINGS 

A heading is a digging face and its work 
area. 

When the shaft has reached the level 
of the proposed tunnel floor, two headings 
are started, one in each direction along the 
line of the tunnel. In addition, the foot of 
the shaft may be greatly expanded for stor¬ 
age and maneuver space, and one or more 
rooms may be built to house compressors, 
pumps, and other plant equipment. 

At first only a single set of tunnel driving 
equipment may be used* as there will not 
be space enough for two T and greatest effi¬ 
ciency will be obtained by drilling at one 
face while mucking at the other. Room for 
two sets will be made very quickly, but 
alternate work is sometimes continued until 
the distance between headings is great, or 
sometimes for the whole job. 

Drilling patterns may be similar to those 
described for shafts—wedge or bum holes, 
and successive rings breaking into the 
crushed-out area. The whole face is usually 
drilled and blasted in one operation (full- 
face attack)i but a small tunnel (drift) may 


be drilled full face, blasted, and cleaned 
out* then enlarged by radial drilling; or the 
lop may be kept ahead of the bottom 
fbench-and-heading method). See Figures 
9-36 and 9-37. 

Pilot Tunnel. Shafts may be partly or 
wholly replaced by a small pilot tunnel, 
driven parallel and close to the main tunnel 
Crosscuts are driven from this to the main 
tunnel wherever new headings are to be 
started. The main tunnel is opened up with 
a center drift, and enlargement started after 
it is cut through enough so that both tun¬ 
nels can be used for traffic. 
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Fig r 9-3Small tunnel drilling pattern 





































DRILLING 


The extra tunnel may be used for ventila¬ 
tion, both during the wort and afterward. 
It permits a great many operations to be 
performed at the same time, and may save 
considerable expense in sinking shafts. 
This method has been used chiefly for long 
railroad tunnels through mountains where 
depth was too great for shafts. 

Drilling. The standard tool for small 
tunnel drilling has been the drifter, a 
medium weight hand drill with a hand or 
automatic feed* mounted on a vertical 
column or a horizontal bar of such length 
that it can be secured between the floor and 
roof T or between the sides, by screw-jack 
ends. Because of the weight of the columns, 
they become impractical for full face work 
in tunnels of greater cross section than 10 x 
10 feet. It is now being replaced by hy¬ 
draulic boom mountings. 

The drifter permits the drill crew to re¬ 
sume work on the top of the face as soon 
as blast fumes have cleared away, with the 
drill men standing on the pile of muck until 
it is dug away. They can drill the bottom 
after it is cleared. 

Larger tunnels were formerly done by 
the heading-and-bench method. This per¬ 
mits the use of drifters on short columns 
for the advance, and approximately vertical 
jackhammer or wagon drilling for the 
bench. Sometimes the beading is extended 
far ahead of the bench, and has its own 
hauling equipment that dumps over the 
bench face into other cars, or into a pile 
to be dug away. 

Now the standard method is to use a drill 
carriage (jumbo) on which power feed 
drills can be mounted so as to reach all 
parts of the face at correct angle and to 
correct depth. Each drill usually does sev¬ 
eral holes. It can be positioned by hand, or 
by mechanical, air. or hydraulic controls. 
Such jumbos may be so constructed as to 
straddle hauling equipment, so that it need 
not interfere with removal of muck. They 
may also carry a cherry picker crane to 



Fig. 9 - 39 . Drilling pattern, large tunnel 

pick up empty cars to switch loaded ones 
Through, They arc backed away from the 
face before each blast- 

On very 1 large tunnels jumbos may be 
used on both levels of heading-and-bench 
work* 

Usual drilling depth is 10 to 12 fcet T but 
in any case is seldom deeper than two 
thirds the smallest dimension of die tunnel. 

Figures 9-38 and 9-39 show typical lull 
face drilling patterns. 

tills. Recently tunnel drilling has been 
partly standardized to use steels threaded 
to carry detachable bits. These may be 
multi-use types that can be sharpened by 
grinding, or sharpened and reshaped by hot 
milling; one-use or throwaway bits that are 
discarded when dull; and carbide insert 
bits. In some mines carbide tipped steels 
are uscd T and in others the old fashioned 
steel with the business end forged into a 
bit js still doing business. 

The carbide insert bit has caused a spec¬ 
tacular advance in speed and ease of hard- 
rock tunneling. Many tunnel men say. 
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“There is no such thing as hard rock any 
more. 1 ' Carbide outwears steel at an aver¬ 
age of about a hundred to one, and gives 
much more rapid hard rock peneLration. 
The time of handling, transporting, and 
processing bits is reduced front a major to 
a minor problem. 

Loading. Water resistant explosives with 
good fume characteristics are desirable in 
underground work. These qualities are 
found in gelatin dynamites. 

When all holes in a face have been 
drilled* each is blown out with a high pres¬ 
sure air jet to remove loose cuttings and 
water. Cartridges are slit (unless the ex¬ 
plosive is damaged by water and the hole 
is wet) and tamped firmly with a wooden 
pole. It is common practice to place the 
primer after the first cartridge, with the 
cap pointed toward the collar of the hole. 

Stemming may be taken from the drill 
cuttings. It is most convenient to use if 
wrapped in paper bags of the same size as 
the cartridges. If this material is very high 
in silica its use as stemming might increase 
the silica in the air enough so that pre¬ 
wrapped blanks supplied by powder manu¬ 
facturers might be preferred. There are also 
wood and rubber plugs that are very satis¬ 
factory. 

It is good practice to place a wad of 
paper between the explosive and the stem¬ 
ming, so that the powder can be easily and 
safely located in case ol a misfire. 

There is danger of premature explosion 
from stray currents, A common precaution 
is to take down or “kill" all electric wiring 
within five hundred feet of the face before 
starting to load. Safety flashlights, of hand 
or cap models, or headlights from a battery 
locomotive can be used. It is sometimes a 
question whether the poor Sighting obtained 
does not offer as much of a hazard a$ the 
electricity would. 

Even the complete absence of electricity 
on the job would not guarantee a tunnel 
face against currents, as underground water 


is often highly mineralized and will conduct 
a charge for tong distances. Metallic ores 
may be excellent conductors. 

The precautions described earlier for 
blasting in the presence of electrical haz¬ 
ards should be followed. 

Firing. Any wiring (lookup can be used 
—series, parallel, or parallel series, depend¬ 
ing on the preference of the blaster. II 
440 volt electricity is available it is pre¬ 
ferred for firing T although 220 or even 110 
will do. Regular blasting machines are also 
used* but they should not be kept in the 
tunnel when not in use, because of possible 
damage from dampness. 

All equipment is moved 500 to IQOO 
feel back from the face* as rocks caroming 
oil the waits can travel long distances. 
Compressor pipe can be left fairly close to 
the blast, but ventilation conduit must be 
stripped way back. 

Move-back requirements may be re¬ 
duced by a portable metaj buffer wheeled 
into place or set up on the jumbo before 
the blast. 

Ch ccking. 1 1 is import ant that a thorough 
check be made after the blast for misfires. 
Tunnel work brings a large number of men 
into close contact with the heading, and 
any accidental explosion during mucking 
or drilling wouid be disastrous. The best 
check is inspection by experienced men. 

If an unexploded hole is found* and the 
wires are intact, they can be hooked up and 
fired. If the wires are missing, the stemming 
can be washed out by a water jet* and a 
new primer inserted and fired. Or a parallel 
hole, about two feet away, can be drillcd h 
loaded, and fired. The muck must be in¬ 
spected for unexpbded cartridges. 

MUCKING 

Loading. In small tunnels blasted rock 

may be dug by hand f although the excellent 
mechanical loaders adapted to work in tight 
quarters that are now available* and the 
rising price of labor, are steadily reducing 
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Fig. 9-40- Drag 

the practice. Output far the loading gang 
is generally figured at about *4 to % yards 
per hour per man, although one man may 
load up to 2 yards under favorable condi¬ 
tions. The difference lies in work of loosen¬ 
ing, handling cars, and other delays. 

The swell or “growth" of rock in passing 
from the solid to the blasted state averages 
about 50%. In tunnels, mucking is usually 
calculated in terms of loose yards, in mines 
in number of tons loaded. 

Slick sheets should be used in connection 
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scraper installations 

with hand loading. These arc thin sted 
plate, 1 L or fU inch, in pieces about 4x6 
feet, with holes punched for convenience in 
picking up far moving. They are laid to 
cover the tunnel floor for 10 to 25 feet 
back from the face before each shot. Large 
rocks are picked up and thrown into the 
cars individually, while the finer material 
is dug by shovels that slide easily along the 
metal surface. 

Mcchanical loaders include full revolving 
shovels with short booms and proportion- 



Fig- 9-41. Drag scraper anchors 
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Fig, 9-42. Diesel-powered mine locomotive 


ately larger buckets, that move either on 
crawlers or rails, and until very recently 
used only air or electric power. There are 
also railroad type shovels that use one track 
and load cars on another beside it, and 
may have a cherry picker for changing cars 
on the back. 

Special tunnel-mucking machines are 
available in large variety; Most of them are 
rail-moanted, although crawlers are gaining 
in popularity. The bucket can be swung 
front side to side to reach the fall floor area, 
and is filled by pushing into the pile. 

It is then lifted, in some models over the 
machine to discharge into a car or conveyor 
belt behind; in others it loads a built-in 
conveyor that discharges to the rear. In 
either case, the car may be coupled to the 
mucker so that it is always In loading posi¬ 
tion. 

SI ushers arc drag scraper un its that usu¬ 
ally have a metal slide to support and guide 
the open-bottom bucket and its load, as in 
Figure 9-40, top. The slide may be long 


enough to accommodate several empties in 
addition to the one being filled. 

Another drag scraper method employs a 
trap fitted with grizzly bars to support the 
bucket, as in 9-40, bottom. In this case 
the train comes through at right angles to 
the scraper slide* and is moved as each car 
is filled. 

The scraper tail block must be anchored 
on the far side of the digging. If this is the 
face, a bolt or flexible fitting is usually 
wedged into a drill hole in it, as in Figure 
9-41+ If at an intermediate point in the 
tunnel, it may be attached to a timber by 
a hook or longs. 

Hauling* Any type of hauling unit may 
be used in a tunnel, from a wheelbarrow to 
an of!-the-road ten wheeler. It is a matter 
of tunnel size, speed of driving* ventilation, 
and preferences of the management. 

The traditional system is small muck cars 
pulled along narrow gauge tracks by elec¬ 
tric locomotives. The locomotives can take 
power from either batteries or high lines, 
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Fig, 9-4-3, Portable switch 


and range in weight from 4 tons up. There 
is an increasing use of diesel locomotives 
with exhaust conditioners in welt ventilated 
tunnels. See Figure 9-42, 

Cars are usually side dump types, al¬ 
though many special constructions are 
found- The width is governed by the tun¬ 
nel and the gauge of the track, and should 
be small enough to allow passing in the 
tunnel. C3r width is generally about twice 
the track width. 

The capacity of the car may be limited 
by switching arrangements. If they are 
pushed by hand, capacity is limited to one 
or two yards, as heavier cars will need to 
be pried along the tracks, rather than shoul¬ 
der-pushed. The car must be low enough 
to go under the discharge of the mucking 
machine being used. If hand loaded, it must 
not be over four feet high. 

The loaded muck cars are hauled to the 
shaft and run into hoisting cages, in which 
they arc lifted to the top, where they are 


dumped by side tipping. There are also 
special cars that can be lifted directly, 
without entering a cage. Or they may be 
dumped at the bottom into a hoisting skip. 

The perpetual problem in tunnel haul¬ 
age, which becomes more acute as size 
decreases, is bypassing die empty cars (or 
trucks) going to the face around the full 
ones coming away from it. Empty ears may 
be switched to the side; or if they arc small, 
be lifted or pushed off the track by hand, 
where there is space for only one track. 
Larger ones may be handled by a cherry 
picker, In cither case the spotting arrange¬ 
ment shown in Figure 9-43 may be used. 

The locomotive pulls a string of empties 
into the heading and slops to let the cherry 
picker take up the rearmost car and set it 
aside. The locomotive then backs far 
enough so that the car can be replaced on 
the track in from of it; then pushes that car 
up the loader. While it is being loaded, it 
backs so that another car can be picked off. 



Fig. TM4, Grasshopper overhead switch 
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When the car is loaded, the locomotive 
couples to it and backs past the cherry 
picker, which places the empty in front of 
it to be pushed to the face. While it is 
loaded, the rear empty is again set aside, to 
be pushed in on the next cycle. When all 
the cats are filled in this manner, the loco¬ 
motive pulls them to the shaft, 

Jn a tunnel of sufficient height, a mov¬ 
able framework called a Grasshopper, 
Figure 9-44, can be used. This allows the 
empty cars to be moved over the loaded 
ones, and can be pulled up to the face by 
the loader. 

A conveyor belt may be set up so that 
a full train of cars can be backed under it, 
and loaded one by one from the front back. 

Conveyor belts can also be set up to 
haul from the face to the shaft. No switch¬ 
ing arrangements are required, but this unit 
cannot be used readily to bring supplies 
from the shaft to the face; considerable 
work js involved in dismantling or protect¬ 
ing it for a blast, and there is constant work 
adding sections to keep it in touch with 
the digging. 

Diesel-powered trucks are increasing in 
underground popularity. They carry' much 
bigger loads than mine cars, and if suffi¬ 
cient width is available to make passing 
possible, they gel past each other with 
fewer complications than rail-mounted car¬ 
riers. The shuttle types, such as the Dump- 
tor, which are equally comfortable going 
backward or forward, are often better 
adapted to the work than those which have 
to be turned in the tunnel. 

The use of internal-combustion engines 
fouls the air, so that very good ventilation 
is required, 

Fxhaust Gas. The exhaust from a gaso¬ 
line engine contains carbon monoxide, an 
odorless but poisonous gas that soon makes 
any closed-in place deadly to life. Amounts 
of monoxide that are not sufficient to cause 
unconsciousness or death may temporarily 
damage judgment and reasoning power. 


causing an increase in danger of accidents. 

Diesel exhaust contains little monoxide, 
but it is rich in various chemicals that smell 
badly, arc irritating to eyes and throat, and 
that fog up the air so that visibility is dan¬ 
gerously reduced. This last difficulty is in¬ 
creased by the usually bad lighting in a 
tunnel. 

The danger from gasoline engine ex¬ 
haust has largely prevented use of this type 
of power underground. Diesels arc finding 
increasing use in spite of the irritation and 
danger they cause. Their presence is partly 
compensated by increasing the ventilation, 
but conditions do become very bad. They 
arc often made worse by an astonishing 
lack of care in adjustment of the engines. 
Diesel trucks sometimes emerge from tun¬ 
nels belching black smoke* presumably 
caused by defective or souped-up injectors, 
that would justify arrest of the driver on an 
open highway. 

Various types of scrubbers using w r ater 
and chemicals to dissolve and neutralize 
gases* and secondary catalytic oxidizers 
that serve also as mufflers, are used to make 
internal combustion engines acceptable 
underground. These are described in Chap¬ 
ter 12. r 

Good ventilation and Jots of it is a basic 
requirement, even when such devices are 
efficient. The most they can do is reduce 
the exhaust to carbon dioxide and water. 
Carbon dioxide is not poisonous or irritat- 
ing T but in sufficient concentration it has a 
suffocating effect that can cause impair¬ 
ment of judgment, unconsciousness, and 
death. 

WATER 

Ground water is a problem in most tun¬ 
nels, and may be the principal one in some. 
Many mining tunnels, some of them miles 
m length, are made solely to lower the 
water table. There may be seepage all along 
the Jme T adding up to a considerable vol¬ 
ume to be drained or more often pumped 
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away* Gushing springs may he exposed by 
any blast* or may open up from seepage 
points well behind the face. Underground 
lakes or rivers may be encountered that 
are capable of flooding the work in spite 
of continuous pumping. Veins of soft water 
soaked soil may be found in hard rock, 
that may break into and fill the tunnel. 

The first necessity is to have adequate 
pump capacity. The tendency h to under¬ 
estimate requirements, largely because 
pumps and lines are expensive, partly be¬ 
cause even careful exploration from the top 
seldom reveals the full quantity and pres¬ 
sure of water that may be encountered. 

If a tunnel runs uphill from a portal, 
drainage may be by natural flow through a 
ditch cut along the side. If an upgrade from 
a shaft, it can be drained to a pump inlet 
at the shaft foot. This arrangement is easy 
and inexpensive, but seldom satisfactory, 
because of repeated blocking of the ditch 
by rock falls from walls or from hauling 
equipment, resulting in water running over 
the floor, making it sloppy and often under¬ 
mining the track or spoiling the road sur¬ 
face. The ditch also takes tip more space 
than a pipe, and die re has not yet been a 
tunnel w ith floor space to spare. 

The conventional arrangement is to 
pump all water, A small centrifugal pump, 
usually air-driven. Is kept near the face, 
and takes from a sump and discharges into 
a pipe running back toward the portal or 
shaft. Another sump is provided every 500 
to 1500 feet back to collect local water for 
another centrifugal, usually electric-pow- 
ered. Each pump may discharge into the 
sump behind it, which is kept down by an¬ 
other pump, usually of a larger size. An¬ 
other arrangement is to have all pumps 
discharge through check valves into a com¬ 
mon discharge line. A powerful electric 
pump of the piston or centrifugal jetting 
type is installed at the shaft bottom, and 
as many boosters as arc required for the lift 
installed at intervals in niches in the shaft. 


Pipe lines vary from I 3 /i to 10 inches 
in diameter. 

The pump or pumps at the base of the 
shaft are sometimes placed in a scaled 
room, with power and control directly from 
the shaft top. In other cases the pumps 
are in the open, but are of the submersible 
type. These arrangements permit use of the 
units along with emergency pumps if the 
tunnel should be flooded. 

Grouting. Water inflow can often be 
checked by grouting. This may be done by 
drilling deep into the rock in the direction 
of the supposed source of the water., seal¬ 
ing in pipes with cement, and then pump¬ 
ing in cement and water grout* cither 
straight for seepage or mixed with sawdust 
or shavings for gushing flow. This may be 
done in advance of the tunnel driving in 
very wet □reas 1 by fanning the grout holes 
out from the face and edges of the heading* 



Fig- 9-45. Exploration and grouting holes 


Grouting is also done through completed 
linings, either to check water or to fill in 
spaces between it and the wall Grout pipes 
may be cemented into a concrete lining 
when it is poured. 

Successful grouting of a wet seam some¬ 
times merely diverts the water so that it 
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Fig. 9-46. Cutting crown for self-support 

enters the tunnel at another point that was 
previously dry. This also may be grouted, 
but a point may be reached where the con¬ 
tractor either installs a complete concrete 
lining, or gives up the effort to seal of! and 
relies on his pumps. 

The above-ground uses of grouting were 
discussed in Chapter 6. 



Fig. 9-47. Timber get, small tunnel 


Fig. 9-48. Timber arch on posts 
ROCK SUPPORT 

Ground pressure in rock tunnels is diffi¬ 
cult or impossible to estimate. This prob¬ 
lem is dealt with in detail in "Rock Tunnel¬ 
ing with Steel Supports." In firm formations 
there will be little or no pressure until 
depths over 500 feet are reached. 

However there are soft, joined, or lam¬ 
inated formations that will scale off or fail 
from a flat or moderately curved roof, until 
a Gothic or pointed arch develops, after 
which it will be self supporting. If bracing 
is done only to support the roof, it is a 
question whether it will not be more eco¬ 
nomical to cut up to a stable roof line, and 
avoid placing of supports. See Figure 9-46. 

In any roof problem, width is p very im¬ 
portant factor, as wide spans will drop 
pieces or fall in much more readilv than 
narrow ones. 

Many rock tunnels arc perfectly safe 
without any bracing. Many others get by 
without accidents. But very often it is neces¬ 
sary to place supports directly after the 
digging, or within a few days. Also, the 





















Fig. 9-49. Umber arch on hitch 

majority of tunnels outside of mines are 
more or less permanent in nature, and 
except in very firm rock, will require 
lining to prevent deterioration and to re¬ 
duce or eliminate maintenance. 

Support or lining may be wood timber, 
steel ribs, plates or bolts, or concrete. Con¬ 
crete is frequently placed inside one of the 
other types of support. 

Timber is the oldest material used, and is 
found in ancient tunnels. Concrete was used 
to some extent by the Romans, and has 
become the standard for permanent instal¬ 
lations. Steel liners and roof bolts are quite 
modem developments, and are rapidly re¬ 
placing timbering. 

Timbering, Figures 9-47 to 9-49 show 
some designs for timbering. The square- 
set framing is confined to small tunnels, 
and various forms of arch construction 
can be used in quite large ones, The arch 
may be supported on posts supported in 
the floor, or rest on a springline shelf 
(hitch.) cut in the sidewalls. Support may 
vary between these methods with changes 
in ground, or in shape of the edges. 



Fig, 9-50, Timber bracing at portal 

Posts should be fastened to the wall plate 
by dowels, lag bolts, or scabs (nailed-cm 
pieces) so that they cannot fall if relieved 
of weight. 

The weight of timbering varies with ex¬ 
pected ground pressure. Sometimes it is 
merely a light roof to catch light rockfalls, 
at other times a high strength lining de¬ 
signed to resist squeeze from all directions, 
including the bottom. 

Where limbering ends at a portal, or at 
an enlarged shaft base, it must be securely 
braced by diagonal beams, as in Figure 
9-50, so that any compression developing 
in die tunnel will not squeeze it out. 

Packing. In rock or soil that tends to 
push in, it is important not to leave any 
space between the lagging and the wall or 
roof, as any inward movement will in¬ 
crease the instability of the ground, and 
may cause it to exert tremendously more 
pressure than if it had been held in its 
original position. 

An exception is found in swelling or 
squeezing ground that is allowed a limited 
space for movement. 
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Fig. 9*51. Square head mine roof bolt with 
shell 

Initial movement is prevented by pack* 
ing the space between the lagging and the 
rock. The most economical system is to use 
a diy packing of fine muck, which is shov¬ 
eled behind the planks as they arc placed, 


At the crown it must be thrown in from the 
end and securely rammed—a tedious, dis¬ 
agreeable job that is seldom well done. 

Large overbreaks may be filled with dry 
walls built of chunks that can be handled 
by one man. Packing of scrap wood is good 
only for temporary service, as it will ulti¬ 
mately decay and leave voids. Timbering 
for permanent or semi-permanent use 
should! be ercosoted, as the wet conditions 
commonly found are very conducive to 
decay. 

Dry packing may also be done with pea 
or birds-eye gravel shot into place with 
pneumatic guns, either through holes in 
the Jagging, or from the end. Its use is more 
common in soil than in rock. 

Lean concrete, with a cemenl-sand- 
small stone mix of 1:3:6 or 1:4:8, can be 
shot into the arch with a pneumatic placing 
tool. This must be very dty so that it will 
not leak through cracks between the planks. 
This is done after the set has been erected 
and securely blocked, as the fresh concrete 
may impose vciy heavy stress. 

Lagging is usually set closely (skin tight) 
in the crown. On the walls it may be widely 
spaced or lacking, as even if the rock 
squeezes in, the spans between timbers are 
too short to allow bulging. Under very 
heavy conditions, the timbers may be set 
skin tight, so that lagging is not needed. 

If the tunnel is to be concreted, the lag¬ 
ging may be placed inside the timbers, to 
provide a smoother outer form that saves 
concrete yardage. The disadvantages arc 
th.it much more packing is needed and that 
the fastening is under tension rather than 
compression, so that heavy pressure may 
make the lagging pop off the limbers. The 
effect may be cumulative, as yielding of 
one fastening increases the strain on the 
next, so that a considerable length may 
give way at one time. 

Slcel Ribs, Steel supports are now 
standard in tunnel work. They are easier to 
handle, and allow substantial saving in ex- 
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Fig, 9-52 A, PI ales and angle washers 

cavation. This is because for a given 
strength, they are only half as thick; and 
the projections of ribs into a concrete lin¬ 
ing are counted as reinforcing. In limber 
construction, the outside line of the con¬ 
crete is figured as the inside line of the 
timbers, and the concrete used to fill out 
to the lagging is largely figured as waste. 
On small tunnels the saving in excavation 
may be 30 per cent and in concrete about 
50, 

However, steel liners are more vulner¬ 
able to blasting damage, and do not give 
warning of impending collapse under load 
by groaning, as timbers do. 

The steel ribs are made in two pieces, 
occasionally more. They are brought in 
endways and set up individually. The lag¬ 
ging may be wood planks or steel liner 
plates. If the former, the ribs must be well 
strutted to each other to keep diem in Line. 

As in the case of wood, steel lining may 
be only a roof or crown support based on 
shelves at ihe spring line in the side walls, 
or a complete tunnel enclosure. 

Roof Bolts. Et has been found in mining 



Fig , 9-521L Mine roof fies T wilh bolts and 
washers 

and tunneling operations that unsafe rock 
will often support itself safely over wide 
spans if it is reinforced with steel bolts. 

In laminated (thin bedded) formations 
the effect is similar to that obtained in ply¬ 
wood and other layered wood construc¬ 
tions. Several weak and thin layers may be 
very strong when bonded together. In 
jointed and fissured rock, the bolls if used 
properly and in sufficient numbers, restore 
to the rock the massive strength it had be¬ 
fore it separated into blocks and pieces. 

Expansion bolts are used, rather similar 
to those that fasten wood framing to ma¬ 
sonry. Figure 9-51 is a -A fr square headed 
bolt, obtainable in lengths from 2 to 8 feet. 
It is threaded into ihe plug of an expansion 
shell that fits into a l Vs inch diameter hole. 
Ears on the bolt prevent it from sliding too 
far into Lhe shell, so that tightening pulls 
the plug down into the shell, expanding it 
against the sides of the hole. 

Washers or plates of plain, tee-hole, and 
angle types, and roof ties shown in Figure 
9-52, are available for use under the head, 
to prevent it from crushing into the rock* 
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and to spread the pull over a wider bearing 
area, and to provide support between bolts. 
The ice-hole type permits passing over the 
bead of the assembled bolt without remov¬ 
ing the shell, where the others require sepa¬ 
rating them, putting the washer on the bolt, 
and reassembling. The holes in the roof ties 
arc large enough to pass the shell, so that 
washers are required for each bolt. 

This type of bolt does not require an 
exact-depth hole. Bolt and shell are in¬ 
serted, and the head tightened with a torque 
of 150 to 200 foot pounds, usually with an 
air impact power wrench. This exerts suffi¬ 
cient pressure to bend the roof ties down 
into any irregularities in the rock surface* 
The grip of the expansion shell in hard 
shale, sandstone, or limestone is usually in 
excess of the 20,000 to 24,000 pound 
breaking load of the boll. In medium shale 
it is said to vary between 14,000 and 
22,000 pounds, and in soft w r et shale be^ 
tween 6000 and 13,000. 

The one inch bolt in Figure 9-53 h in¬ 
tended for use in a 1T& inch hole, which 
should be drilled to exact depth. A wedge 
is inserted in the slot at the unthreaded 
upper end of the bolt, which is inserted in 
the hole and driven to refusal with an air 
hammer. The end is spread by the wedge 
until it anchors firmly in the hole. A nut is 
then threaded on to the projecting threads 
and tightened. Similar was hens are used. 

If the roof is too low to permit inserting 
a bolt of the full length required, short bolts 
and extension pieces can be used. 

Bolting requires from one-fifth to one- 
tenth the steel required for ribs and lagging, 
and under many conditions is equally 
strong. In addition, it saves the need of ex¬ 
cavating space in which to set the steel 
structure, and reduces the amount of con¬ 
crete required for permanent lining. 

Elimination of all ribs and timbering 
makes a tunnel easier to work in, as there 
arc fewer obstructions* and it provides for 
a smoother flow of ventilating air. 


Fig. 9-53. Slotted mine roof bolt 
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Another important advantage is that the 
economy of the work causes it to be done 
on roofs that might be judged to be self 
supporting if bracing were time consuming 
and expensive. The bolts can also be in¬ 
stalled right up to the face immediately 
after blasting, so that protection is avail¬ 
able to the heading crew. As a result* their 
use in the rather wide range of conditions 
where they arc applicable results in a 
marked decrease in roof-fall accidents. 

Heavy wire mesh may be used to prevent 
falling of small fragments in between the 
bolts. In some instances gunnite is used 
to minimize air-slacking and spalling. 

Rock anchor bolts* which are similar to 
the slotted mine roof bolts* arc used along 
highway and railroad cuts to prevent rock 
falls and slides. 

Concrete Lining. Installation of concrete 
lining is construction rather than excava¬ 
tion work (however necessary it may be to 
the excavation) and will be only briefly 
considered. 

There are two general procedures—soft 
ground technique, in which it is placed im¬ 
mediately behind the digging* and is neces¬ 
sary to the driving of the tunnel, and hard 
ground. Under the second heading comes 
work in rock that is self supporting, and re¬ 
quires lining for permanence, scaling pro¬ 
tection, or waterproofing; and unstable soil 
or rock that is adequately held in place by 
timber or steel 

The soft ground technique is to follow 
the heading closely* with some resulting 
interference between operations. Perhaps 
the most serious is maintaining a track for 
muck cars through the pouring operation, 
and across the freshly laid invert (floor). 
Steel beam bridges may be used to cany the 
track in this section. 

The invert may be laid about 1 s /i inches 
low, protected with planking, and brought 
up to grade with a top dressing of cement 
mortar as a finishing operation after the 
tunnel is complete. 


Traveling forms of various types arc 
used. For fast schedules* it is essential to 
have telescoping forms that can be folded 
up and moved through other forms sup¬ 
porting more recently poured sections. On 
other jobs, forms are used that can be col¬ 
lapsed just enough to break away from the 
concrete surface so as to be moved ahead 
to the next section. In either case, the forms 
are carried on carriages, that may move on 
steel wheels and tracks, or on rubber tires, 
depending largely on the muck haulage 
method used. 

Breakthroughs, It sometimes happens, in 
spite of precautions, that there will be a 
sudden rush of water or mud into the tun¬ 
nel This most often occurs at the face im¬ 
mediately after a blast. Sometimes the 
source is a limited underground pocket 
which will give no trouble after it once 
drains off. At other times a stream or large 
body of water will keep up a continuous 
flow. If the water is muddy, or the flow is 
partly or wholly mud, an unstable soil for¬ 
mation has been reached which may give 
increasing rather than diminishing trouble. 

In any case the first step is to seal off 
the face with a bulkhead (wall) as quickly 
as possible. Timber, sandbags* or sandbags 
with limber may be used. Occasionally 
timber may be backed with concrete. 

The bulkhead must not be used as a dam 
white being built. Pipes should be built into 
it large enough to take the water flow until 
the structure is complete. Otherwise water 
pressure will tend to destroy the bulkhead 
as it is being erected, and conditions will 
be very dangerous to personnel With water 
discharged through pipes, the structure can 
be property and strongly made and keyed 
into the tunnel rim. The water can then be 
controlled by valves on the pipes. 

The bulkhead should also be fined with 
pipes for grouting and concrete placement. 
After the water has been shut off, grout 
can be injected into the space between the 
bulkhead and the break, and will sometimes 
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Fig, 9-54, Forepoltng soft ground 


work hack along the water seam and stop 
or reduce the flow. Grouting may also be 
done through exploration holes drilled 
through the bulkhead and into the rock 
beyond. Over 90,000 bags of cement have 
been used to control one water pocket. 

Further tunneling through such a spot 
is first in the form of drifts (small tunnels) 
each of which serves as a base for further 
grouting, until the ground is consolidated 
enough to drive the big tunnel, 

SOFT GROUND TUNNELING 

Soft ground is divided roughly into the 
following subclasses, description of which 
is abbreviated from “Practical Tunnel Driv¬ 
ing ,f by Richardson & Mayo, McGraw-Hill 
1941 :* 

Running ground: Must be instantly sup¬ 


ported, May be diy sand or gravel, quick- 
sand, silts and muds* 

Soft ground: Roof must be instantly sup¬ 
ported, but walls will stand vertically for a 
few minutes. 

Firm ground; Roof will stay up unsup¬ 
ported for a few minutes, and the side walls 
and face for an hour. 

Self-supporting ground: Will stand un¬ 
supported while the entire tunnel is driven 
a few feet ahead of the timbering. 

There are three standard methods of 
driving through soft ground; forepoling 
i^ith wood or stee| T shield, and compressed 
air < plenum method). The third may be 
combined with the other two, 

Forepoling, [ he use of plank forepoles 
was formerly the standard method of driv¬ 
ing a tunnel through soft ground. While this 
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technique has been largely replaced by steel 
liner and poling plates, it is still widely used 
on jobs too small to justify obtaining steel 

In forepoling. the tunnel is protected by 
timbering, and by breast boards set against 
the face. Planks are driven through slots 
cut in the breast board and supported canti¬ 
lever fashion to make a temporary roof, 
under which dirt can be dug and permanent 
supports installed. 

Figure 9-54 indicates the terminology of 
the parts and something of the method. 

Starting from a shaft lined with plank 
sheeting* a bent (cap or roof limber and 
two post supports) is set and securely 
braced close to the sheeting. Close set 
holes are drilled through the sheeting in a 
double line just above the cap and a single 
line about IS inches below it. Double ver¬ 
tical lines are drilled just outside the posts. 

A set of light fore poles or spiles are 
made of 2 x 6 planks five to sis feet long, 
sharpened to a chisel point on one end. 
A piece of sheeting is knocked out between 
the lines of drill holes above the cap T and 
a forepole H rested on the cap and driven 
through the hole, at an upward slant of 
about 2 inches per foot, for about half its 
length. Another bit of sheeting is cut or 
knocked out, and another forepole driven 
in the same manner, parallel to and touch¬ 
ing the first. This process is repeated until 
tiie full width of the cap has been covered. 

Spiles are then driven into the sides, 
flaring out about 2 inches per loot, to a 
penetration six or eight inches deeper than 
the roof pieces. These may be driven hori¬ 
zontally. or at an upward slant to keep con¬ 
tact with the roof- 

A timber is now placed across the shaft, 
immediately above the free ends of the roof 
forcpolcs, which arc then forced downward 
slightly by driving wedges under the timber. 
The poles are now supported on the cap 
and held down tightly by the timber and 
wedges at the rear, so that the front is 
supported cantilever fashion. 


The sheeting is then broken out from the 
spiles down to the lower line of holes, and 
the ground allowed to run into the tunnel 
until it assumes its natural angle. The re¬ 
sulting slope will normally not extend back 
to the points of the forcpolcs* but will end 
at some intermediate position, 

Next a horsehead, or false set, is placed 
under the poles about two feet beyond the 
sheeting. This consists of a cross piece un¬ 
der the spiles, and a center post set on a 
small supporting block in the din. The 
spiles are then driven to their full penetra¬ 
tion, substituting the support of the horse- 
head for that of the cap rear timber. 

Earth is then raked in until the points of 
the spiles are almost uncovered, A board 
the width of the cut and about 13 inches 
high is set vertically immediately under 
them. This serves as a breast board to keep 
more dirt from flowing in, and supports the 
spiles. 

A cap limber is then set to line and 
grade, and is temporarily supported by a 
single center post. A "bridge" of 2 x 6 
planks is fastened to the top of the cap but 
separated from it by 4 inch blocks. 

The remainder of the side spiles are now 
driven. Some of these arc tapered* and arc 
used wide end forward, so as to reverse the 
upward slope of the roof spiles and the 
upper few wall spiles. 

The forward cap is now supported by a 
pair of beams resting on short temporary 
posts and wedged down from a cross limber. 
The remainder of the sheeting below the 
first cap is now broken out from the top 
down, and the dirt pulled into the tunnel 
and hauled away. Additional breast boards 
are set under each other as space becomes 
available, and held in place by cleats nailed 
to the side spiles. 

When the floor is cut to grade, side posts 
(legs) are set on bdow-grade blocks and 
wedged up until they take the weight of the 
cap- Wedges are driven between the posts 
and the side spiles to tighten them. Some- 
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Fig, 9-5 5 ^ Setting liner plates 

times a trench jack must be used to force 
the side spiles out while setting the legs. 
The next set of roof spiles is entered 
through the bridge 5 to! on top of the second 
cap, and is driven at the same upward 
angle. Space for side spiles outside the 
legs is obtained by knocking out the wedges 
as the spiles are placed for driving. 

All spiles should be driven skin tight 
(touching throughout their length) except 
at the comers, where I inch boards (lac¬ 
ing) are tacked on. When necessary, cracks 
arc stuffed with excelsior, salt hay, or other 
packing to prevent inward leakage of soil 
Each timbering set must be braced se¬ 
curely to that behind it, as any shifting will 
severely weaken the structure. 

Spiles arc usually driven with a sledge¬ 
hammer or air hammer. Sometimes they 
are jacked in—a very tedious job—to avoid 
jarring die soil, 

[f the tunnel floor tends to get muddy it 
should be floored, for convenience of work¬ 
men, and to avoid possible shifting or 
settling of the foot blocks. Sometimes floor 
spiles are driven if the bottom tends to boil 
up, but compressed air is a better way to 
combat this and other difficulties with ex¬ 
cessively soft ground. 

This method is relatively easy to follow 
in many soils, but it takes an experienced 
crew to get through boulders, flowing mud, 
and other difficult conditions. 

Forepoles may also be used with steel 
ribs instead of timber sets. 

The standard soft ground tunneling hand 
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Fig- 9-56. Steel poling plate and jack 

tool is a short-handled, round-pointed 
shovel T aided when necessary by a grub hoe 
(mattock), pickaxe* or crowbar, and often 
by paving breakers. Special grub hoes have 
one hammer face for use in driving wedges. 
In soft day a curved two-handled draw 
knife can be used to advantage. It is pulled 
by two men or a power winch, and slices 
die clay off in strips. 

Liner Plates. Corrugated steel liner 
plates, curved to match the tunnel rim, and 
supplied with drilled bolt holes in flanges 
or overlaps for fastening to each other, are 
increasingly used for soft ground tunnel ing. 
Thcy are made in various sizes, with 16 x 
36 inches in common use. A plate of this 
size made of Vi inch metal weighs about 
27 pounds, and if V4 inch stock* 53 pounds. 
Short plates are available for fitting into 
the tunnel circumference. 

Stiffening ribs are used when the tunnel 
is over 10 feet irt diameter* and for heavy 
loads in any size opening. They are gener¬ 
ally not used when the same strength can 
be supplied by a heavier gauge plate. 

Liner plates are usually a temporary 
support to hold the tunnel until a concrete 
lining is installed, usually a matter of hours 
or a few days after the digging. They are 
sometimes "robbed" for re-use immediately 
before the concrete is placed. The safety 
of this practice depends on the character of 
the soil* which is a matter for engineers to 
pass on in each case. 

Liner plates are placed from the top 
down. A small section is dug ahead* the 


9-66 


SHIELDS 



Fig. 9-57- Tunnel driving shield 


center plate placed and braced with a post 
or jack; and then the sides dug away to 
place the adjoining plates- These are sup¬ 
ported radially on cleatcd center blocks, 
as p Figure 9-55. When the spring line or 
base of the roof arch is reached, two 2x8 
planks, called footing boards, are placed 
on each side. Wedges are driven between 
the two boards until they lift the arch of 
liner plates enough to take the weight off 
the jacks. The lower plates are then nailed 
to the boards to prevent slipping off them. 

If the ground is too soft for this method, 
interlocked poling plates. Figure 9-56, can 
be placed outside and forward of the com¬ 
pleted liner, and jacked forward from in¬ 
side. 

Shields. Shields have become the stand¬ 
ard equipment for driving major tunnels 
in soft ground. A schematic view of one is 
shown in Figures 9-57 and 9-58. It resem¬ 
bles a tin can with an open back and con¬ 
trolled openings in the front. The front 
may be open, with grooves to allow setting 
a breast board or plates if necessary, or 


dosed by a bulkhead with controlled ports. 
The back or tail is large enough to permit 
placing the tunnel lining inside it. 

The shield is forced forward into the dirt 
by jacks based on tunnel lining. Doors in 
the front are opened to allow soil to flow 
in, or to be shoveled. In very soft ground 
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Fig, 9-58. Shield in mixed face heading 
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where bulging of the surface will cause no 
damage (as under rivers or swamps) no 
dirt need be taken into the tunnel p as it will 
be pushed aside by the pressure of the 
shield, 

A primary lining, which is most often 
of bolted cast-iron segments, but sometimes 
of cast steel (for unusual stress), fabricated 
plates, concrete blocks, or timber, is con¬ 
structed in the tail, which is long enough 
to protect a complete segment. This lining 
must be strong enough to not only resist 
full soil pressure, but it must take the 
thrust of the jacks that move the shield 
forward. 

The outside diameter of the shield tail 
must of course be larger than that of the 
lining built inside it, A few plastic soils can 
be manipulated so as to dose in smoothly 
on the lining as die tail moves away from 
it p but under most conditions the space must 
be filled. Failure to do so will leave the lin¬ 
ing without proper side support, so that the 
arch will tend to sag- 

Grout was originally the standard filler 
for this space. Grout plug holes were built 
into the liner pieces. When the tail cleared 
them, grout was forced into the bottom 
hole, with the next above used as an air 
vent. When grout appeared at the upper 
hole, the grout hose was transferred there, 
the bottom plugged, and injection con¬ 
tinued, The full circumference was worked 
in this manner from the bottom up. 

The amount of cement used makes this 
operation costly, and in addition the grout 
has a tendency to move forward along the 
outside of the lining and flow under the tail 
into the shield. Also, grout may work up 
to the surface* cause heaving of pavements, 
or break into sewers or conduits. 

Gravel filling is now used to avoid these 
difficulties. Birds-eye gravel (uniform size, 
passing W inch screen, 33 percent voids) 
or similar sizes of slag or screenings, can 
be blown by an air gun into the grout holes, 
also starting at the bottom. This will not 


leak into the shield nor travel far from the 
tunnel, but it may not fill spaces uniformly. 
It is therefore usually followed by regular 
grout. The quantity required is greatly re¬ 
duced and its tendency to travel is checked 
by the presence of the gravel. 

Compressed Air* The compressed air or 
plenum method of tunnel driving makes it 
possible to work with relative safety in soft 
mud and under bodies of water. The prin¬ 
ciple is that the inward and downward 
pressure of water and of soils can be coun¬ 
teracted by increasing the outward pressure 
exerted by air in the tunnel. 

The rule of thumb is that each % pound 
of air pressure over atmospheric will sup¬ 
port a one foot height (head) of water. 
Actually, the pressure required is often far 
less, because of the stability of the soil H 
restriction of water passages, and other 
factors. 

The extra pressure is built up by low 
pressure compressors (converters) at the 
surface, and piped through a retaining bulk¬ 
head into the tunnel. Men and materials are 
passed through this bulkhead through one 
or more locks. Air in the tunnel may^ak 
out through the soil as fast as it is supplied, 
or may be exhausted from the heading 
through a blowline. 

A lock is a passageway between two air¬ 
tight doors. In entering Lhe tunnel the outer 
door is opened to admit men or materials. 
It is then dosed T air pressure is raised to 
match that in the tunnel, and the inner 
door opened to complete the passage. 

For exit, valves arc opened to bring 
pressure in the lock up to that in the tun¬ 
nel, The inner door is opened* the traffic 
moved into the lock, and the door is closed. 

Air is then allowed to escape from the 
lock until h is at atmospheric pressure. 
The outer door can then be opened. 

This device permits maintenance of pres¬ 
sure in the tunnel* and limits traffic air loss 
to the relatively small amount in the lock 
at each use T 
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It is best practice to have at least two 
Socks, one for men and one for materials. 
The man lock should be large enough for 
the whole crew 1 , and must have valves by 
which pressure can be closely controlled 
so that it will drop gradually for minutes 
or hours while men leaving the tunnel are 
in it. This process of gradual reduction, 
called decompression, is necessary to pre¬ 
vent nitrogen dissolved in the blood from 
being suddenly liberated to cause a painful 
and sometimes fatal ailment called the 
bends. 

There may also be a small emergency 
lock, high in the bulkhead so as to be the 
last place flooded. Tills is left open to the 
high pressure* so as to be ready for im¬ 
mediate use. One or more cross partitions 
may be placed in the crown to hold air 
pockets in case the tunnel should be 
flooded. 

The materials lock should be long 
enough to accommodate hauling units of 
the size used. It may be small so that one 
car at a time is pushed by hand in one end, 
and then pulled out the other* or it may 
be as much as eighty feel long, to accom¬ 
modate a train and a locomotive. Lock 
construction is expensive, but a liberal size 
speeds work greatly. 

Fire danger under high air pressure is 
severe. The extra supply of oxygen in dose 
contact may cause even wet wood to burn 
vigorously. Smoking and other fire hazards 
must be avoided, and there should be a 
liberal supply of fire extinguishers, and fire 
hose connected to high pressure water. 

Clay reacts most satisfactorily to com¬ 
pressed air, as it is so nearly impervious 
that if is well supported by the air* and 
seals it in. Primary bracing may not be 
required before placing the permanent lin¬ 
ing. 

On first exposure to compressed air T silt 
acts, like clay, but it then lends to dry out 
and crumble off at the top, and to turn to 
mud and flow at the bottom. The higher 


the tunnel the greater the differences be¬ 
tween top and bottom behavior. 

This is because the air pressure is the 
same on all parts of the tunnel rim, but the 
head of water that tends to force water into 
the tunnel or resists its being forced out 
of the lining soil is much less at the top 
than at the bottom. A partial cure for the 
difficulty is to excavate the upper or arch 
section first under low pressure, install liner 
plates or other support; then increase pres¬ 
sure and dig the bottom. Once a full lining 
is installed, the unbalanced condition be¬ 
comes unimportant. 

In sand the air penetrates several feet at 
the top, and leaves the bottom wet enough 
so that boards have to be stuffed with ex¬ 
celsior to stop sand runs. The best cure 
for this condition is to drive well points 
ahead of and below the faec t and keep the 
lower sand dry until lining is placed. 

Air will escape in any formation except 
tight day, and will reach the surface by 
following porous veins, old wells, or even 
sewers. It is best conserved by getting the 
lining in immediately after the digging. Air- 
tightness of the lining is not automatic* 
however* Grouting outside it (which is 
necessary for firmness also) and painting 
the inside of concrete with cement and 
water greatly reduce leaks. 

Liner plates may be made airtight by 
spreading wet clay along die joints. Build¬ 
ing paper can be used on wood lagging. 

About 20 cubic feet of atmospheric air 
per minute are required for each square 
foot of face arc a, with an additional allow¬ 
ance for Losses through the locks. 

Blowouts* Sometimes the compressed 
air in the tunnel blows out the surface. This 
is particularly likely to occur in shallow' 
tunneling in soft underwater mud. Any 
outward leak must be immediately plugged 
with any material on hand* valuable or 
otherwise. From the outside a blowout can 
be prevented or stopped by dumping enor¬ 
mous quantities oF clay from barges. 
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Fig- 9-59 t Mine shafts and tunnds 


The blowout can be disastrous in itself, 
hurling men and equipment up into the 
water. The immediate drop in. pressure 
allows water and mud to enter the tunnel, 
threatening those in it with drowning or 
suffocation. A job 'lost" in this manner is 
expensive and tedious to resume, and some¬ 
times driving can be more easily done on a 
different route. 

MINING 

A mine is an excavation made in order 
to obtain (recover) material that has valu¬ 
able chemical or physical characteristics. 
If it is an open cut project, it may be called 
a pit or a quarry. Strictly speaking, a 
quarry is usually concerned chiefly with a 
material desired for its physical character¬ 
istics, as trap rock for road aggregate. 
However, if a quarry goes underground, it 
is called a mine. 

The problem of mining is to get the 
highest possible percentage of the pay 
material out, at minimum expense. In some 
cases, the best system h confine excavation 
almost entirely to pay dirt, even if it re¬ 
quires a maze of small and irregular tun¬ 
nels. In others it is more efficient to blast 
and remove a hundred feet of overburden 
so as to expose only a few feet of ore. 

The first slep in deciding upon an ap¬ 
proach is to find how much ore or other 
pay material there is, exactly where it is 


located, the extent to which it is interrupted 
by other materials, and its physical and 
chemical characteristics. This information 
may be required not only to determine 
whether the deposit is worth mining and the 
method, but also the type and size of any 
processing plant required. 

Mineral Deposits, Exploration is very 
complex* because of the number of factors 
that influence distribution of minerals. 
Sedimentary rocks are built in more or 
less horizontal layers, but may then be 
folded, twisted* or even turned upside 
down. Faults are breaks that extend across 
the layers, and are made by movement of 
whole blocks of the earth's crust. They may 
be a single clean sliding plane* or a width 
of hundreds of yards in which the rock is 
smashed up. Movement along a fault may 
be a fraction of an inch* so that the same 
formations are found on each side* or 
several miles* so that one seclion of a de¬ 
posit may be at a great distance* or lost 
entirely. Movement may have taken place 
in the ancient past, or might occur from 
lime to time during mining. 

Most metallic minerals are associated 
with invasion of formations by molten rock 
from below. If fluid rock reaches the sur¬ 
face it becomes the lava, ash, and other 
usually valueless materials associated with 
volcanoes If it stays far below, it hardens 
gradually into granite or other coarse grain 


9-70 














EXPLORATION 



Fig. 9-60. Diesel mine hauler 


rock, and while cooling may give ofT great 
quantities of minerals, in Hu id Or gaseous 
form, that penetrate the surrounding rock 
for miles. The weak or porous streaks 
through which they move 3nd in which 
they arc deposited, arc the miners’ pay 
veins. Parts of the main mass may become 
mineralized, often resulting in an extensive 
but low grade ore body with rather uniform 
composition. 

One area may undergo several successive 
periods of mineralization, the later ones 
reworking, removing, or enriching some of 
the earlier deposits. When the area cools 
sufficiently ground water becomes active 
at dissolving, transporting, and redeposit- 
mg material. 

The result of these factors is that under¬ 
ground structure is often extremely com¬ 
plex, and while exploration can give a 
general picture of what to look for, only 
veiy extensive (and expensive) diamond 
drilling, or the actual removal of the ore, 
will give the complete story. Access to for¬ 
mations is often obtainable only by the 


hardest and most costly type of digging- 
hard rock tunneling. 

Exploration, There are a great many 
methods of exploring an area for valuable 
minerals. Until rather recently most de¬ 
posits were found by surface inspection and 
sampling of the ground. Men on foot or 
horseback found pay outcrops, pieces of 
them below or dow'nstrcam, or formations 
associated with them. Major finds are still 
made in this manner, but complex tech¬ 
niques have become more important. 

A search may start with studies of geo¬ 
logic maps indicating more or less com¬ 
pletely the rocks to be found in a region. 
Inspection and photographs from planes 
may reveal promising areas, which can then 
be scouted on fool. Test holes can be made 
with almost any tool from a pickaxe to a 
diamond drill. Radiation-sensitive instru¬ 
ments such as the Geiger counter are 
used to locate radioactive deposits. Local 
changes in gravity may indicate metallic 
ores, 

A very interesting method is seismic 
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Fig. 9-61. Room and pillar excavation 


prospecting. A deep hole is made, usually 
with a diamond drill, and a heavy charge 
of explosives fired in it. Sensitive instrn- 



Fig. 9-62, Pillar robbing with drag scraper 


ments at selected spots in the area record 
the lime and pattern of the resulting earth 
waves, which indicate the nature of the 
ground through which they pass. The in¬ 
formation may be used directly in locating 
oil and some other deposits, or in working 
out underground structure to indicate the 
location of veins whose outcrops are con¬ 
fusing, 

Following (he Ore, When mining has 
started, with or without benefit of thorough 
exploration, the digging is kept in the ore 
whenever it docs not make too complicated 
a pattern, tn general, large well financed 
operations are more inclined to place their 
haulageways and shafts for long term effi¬ 
ciency, where the small operator keeps in 
pay rock as much as he possibly can, 
sometimes with most unfortunate effects 
on later operations. 

Figure 9-59 shows some of the tunnels 
l lui might be included in a mine. The main 
routt, in from the portal is the haulagcway. 
A drift is an approximately horizontal 
lunnd of small size, a slope is excavation 


9-72 





















































































Fig. 9-63. Four-heading cycle 


up an incline. A raise is a shaft worked 
from the bottom. Drainage tunnels, some¬ 
times miles in length, arc driven to save 
the cost and danger of heavy pumping 
inside wet highlands. The glory hole is a 
shaft enlarged from the top* with the muck 
descending by gravity to a floor from w hich 
it can be loaded by machinery. This loading 
area is a drawpoint 

Any of these except the glory hole may 
be in either ore or non-pay rock. They are 
contracted to minimum dimensions (which 
for a haulage way may still be quite large) 
when in country rock, and arc expanded 
and supplemented by side drifts when in 
ore. If a vein is too narrow or too low for 
working space, excavation may include 
enough other rock to give head or side 
room. 

The A 'arch h+ of the rock (the span of roof 
that can bo allowed between walls or pil¬ 
lars, with or without timbering) and the 
height of the veins arc important factors, as 
they determine the yardage (called tonnage 
underground) that can be taken out at one 


stand. Larger volume and working space 
permits use of bigger and more efficient 
machinery. 



Fig. 9-64. Chute loading 
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Fig, 9-65. Multiple chutes 


The portal in Figure 9-60 is in oil shale 
with excellent self support. 

ROOM AND PILLAR EXCAVATION 

The most expansive underground opera¬ 
tion is to excavate corridors and cross¬ 
corridors, as in Figure 9-61, leaving pillars 
to support the roof. If the formation is of 
sufficient value, the corridors can be back¬ 
filled to support the roof, and the pillars 
dug out. The fill may be non-pay material 
excavated in tunnels* waste from the 
processing plant, or outside borrow. When 
circumstances permit, the pillars may be 
pulled and the roof allowed to collapse, 
as in Figure 9-62* 


If it is known in advance that all pay 
rock will be removed, the cross-corn dors 
may be reduced to ventilation openings 
so that there will be parallel chambers 



Fig, 9-66. Head and foot wall draw points 
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Fig. 9-67. Draw point loading 


separated by ribs of similar width as in 
Figure 9-63, If the corridors are backfilled, 
the ribs can be removed in a new tunneling 
operation, with fewer complications than 
are involved in pillar extraction. 

Room and pillar work is commonly done 
by machinery, and in some mines, by large 
machinery, such as shovels up to IVi 
yards. 

Overhead Mining. When the haulage 
tunnel runs at a lower level than the pay 
deposit, the ore can be blasted and then 
fed by drag scraper and/or gravity to the 
haulage equipment. One technique involves 


use of a timbered chute from the working 
to the haulage level, with a gale called a 
grizztic at its lower end Fragmentation 
must be line enough to enable the broken 
ore to slide down through the chute after 
being pushed or raked to it. A mine car is 
stopped under the chute, the grizzlie opened 
until it is full, and then closed until the 
next ear is in position. There may be sev¬ 
eral chutes, so spaced that each wilt open 
squarely over one car of a parked train. 
See Figures 9-64 and 9-65, 

The drawpoint loading method. Figures 
9-66 and 9-67, utilizes a large unlimbered 
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stope (inclined tunnel) so shaped that 
broken ore slides by gravity to the lower 
floor but it is restricted against spreading 
out on it. This ore is dug by mechanical 
loaders (Eimco Rocker Shovels in these 
illustrations) and loaded into cars or onto 


conveyors. The expense of chute construc¬ 
tion is saved, and the larger opening allows 
oversize pieces to slide through without 
jamming. Such pieces can be set aside by 
the loader and blasted when it will not in¬ 
terfere with mucking. 
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This chapter contains an outline of some 
of the principles of pit layout and opera- 
lion. The term “pit 1 ' is intended to cover 
any open excavation made to obtain mate¬ 
rial of value, whether it be coal, mineral 
ore, quarry rock, gravel, or fill. 

Because of the complexity of the subject* 
treatment will have to be brief* and many 
operations omitted entirely. 

Techniques of drainage, road building,, 
and blasting have been discussed in previ¬ 
ous chapters. 

Most pit operations arc started with the 
removal of soil or rock lying over the de¬ 
posit to be mined. The problems involved 
in stripping will therefore be considered 
first. 

a 

STRIPPING OVERBURDEN 

Overburden may include topsoil, subsoil, 
sand, gravel, clay, shale, limestone, sand¬ 
stone, and other sedimentary deposits. In 
some day pits, the overburden is partly 
coa] s and in many coal mines it is partly 
clay, 

the depth of overburden that may be 
removed depends on its character and 
accessibility, on the value of the under¬ 
lying formation, the comparative cost of 
underground mining, and the extent to 
which ihe spoil can be sold or utilized. 

Need for Stripping. Stripping overburden 
may be a very large part of the cost of 
mining, and a number of factors should be 
considered before undertaking it. 


First* is it necessary to strip it? Et may 
be possible to mix it with the product, or to 
separate it at less expense during process¬ 
ing. 

For example, much run-of-bank gravel 
does rot contain enough fines to bind it for 
road use + and overlying soil, if permitted 
to mix with it by caving, may improve its 
quality. 

If the pit has gravel or stone screening* 
separating, or washing equipment of ade¬ 
quate capacity, soil may be dug or blasted 
down with the pay dirt, and separated as 
part of the regular processing. In this case, 
thorough clearing is necessary as sod and 
brush clog screens and crushers. 

Loose sand and gravel cannot be dug 
underground, but with other deposits, care¬ 
ful investigation should be made of the 
latest methods of underground mining, and 
a comparison with open cut costs made. 
Utilization of Spoil- If the land must be 
stripped, the next question h possible profit 
or use to be obtained from the material. 
Near large cities, topsoil can often be sold 
at a higher price than the regular pit prod¬ 
uet. This may also be true of peat deposits. 
Any substantial layer of clay, or fine 
earth* should be sampled and analyzed. 
Clays which are superficially similar in 
appearance are used in widely different 
products, such as fire, paving, and common 
brick; tile, pottery, port!and cement, flux f 
mud for rotary drills* and specialized func¬ 
tions in chemical processing. 
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Good deposits of some of these earths 
are very rare and are valuable. Common 
days may be in demand because of local 
shortage, or industry using them may be 
developed - 

Limestone is often found in overburden, 
and it is extensively quarried for crusher 
rock, building stone, and cement manufac¬ 
ture. 

If it is not possible to get good prices for 
any part of the spoil, it may still be possible 
to get enough for it as fill to repay some 
of the stripping cost. The stripper is in a 
good competitive position because he has 
to pay for digging, and often for dumping 
as well, and is better off selling for a frac¬ 
tion of the excavation cost than not selling 
at all. 

The limiting factor is his additional cost 
in making the spoil salable or delivering it. 
If selective digging that will slow his opera¬ 
tion, or finer fragmentation, is required, or 
if he must (nick material which otherwise 
could be cast, the salvage may cost more 
than it is worth. 

When the spoil is being removed in 
trucks or scrapers, and no market exists for 
it, and it is not practical to set up any plant 
to process it, it might be used for real estate 
improvement or for good will. 

Swampland along railroads or highways 
can often be bought very cheaply, and 
can be converted into valuable industrial 
sites by filling and grading. Filled land 
near towns may be sold for residential pur¬ 
poses. 

Pits arc frequently unpopular with the 
neighborhood because of blasting, heavy 
trucking, or dust Local authorities may 
impose restrictions which would make 
operation more expensive or impossible. 
Under any circumstances, cultivation of 
local good will is sound business practice. 

Fill which is being hauled and wasted 
can be utilized to reclaim land for parks 
or parking areas, building road or airport 
fills, and blocking gullies. Topsoil can be 


V. -T- - . , - -..--ttt—■ 




cnisimt Chqss Sect ioh 



OtfERB-URPt* 



Etof OEPOai>f AftfcY' 






^ K Tt* Slrf^iMlNT 

Fig. 10-1, Steps in strip-mining a lens 

used to enrich farms, gardens* or lawns. 

However, there is danger in such work 
of getting into much greater expense for 
extended hauling and grading than an¬ 
ticipated, so a careful study should be made 
in advance. The people or community ben¬ 
efited will often be willing to pay at least 
these extra costs. 

SIDECASTING 

When the spoil cannot be utilized, the 
cheapest way to move it is by sidecasting— 
that is, to pile it alongside the cut within 
dumping range of the excavators. This dis¬ 
posal is possible when the pay formation 
has only a narrow exposure, or can be 
worked in narrow strips* so that the over¬ 
burden can be economically moved across 
(he pit* from the unopened to the worked- 
out area. 
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Sideeasting is generally not practical in 
working thick layers of quarry rock or 
mineral ore t because of need for wide 
working space below the face. Its best 
known application is in the strip mining of 
bituminous coaL 

A number of states now require grading 
of spoil piles and breaking down of walls of 
worked-out pits. This work should be in¬ 
cluded in cost calculations. 

Figure 10-1 illustrates the process of 
stripping, mining, and backgrading a nar¬ 
row lens. It consists of three operations 
aside from the drilling and blasting fre¬ 
quently necessary. Top material is cast out 
of the way; pay material is dug and trucked 
away, and the top pushed or cast back in. 

Progressive stripping of a wide deposit, 
as in Figure lQ-2> resembles the action of 
a gigantic moldboard plow, taking slices 
off the high wall and laying them against 
the spoil heap. Mining is done between 
trips. 

If the spoil piles are smoothed over 
where they fall, without substantial re-mov¬ 
ing, the original grade wiU be raised in a 
ridge parallel with the beginning of the 
work, and lowered at the last cut, these 
changes corresponding to the land and the 
dead furrow of the ploughed field. 

In genera!, areas of blasted spoil have a 
coarse, rocky, well drained soil, with good 
supplies of phosphate and potash* but little 
or no nitrogen or humus. With proper care 
they are expected to make good forest land. 

Bull dozers. Where the deposit is shallow 
and the pit narrow, bulldozers make good 
stripping tools, particularly when the land 
slopes across the pit r Figure 10-3 shows 
xi sequence of operations. This can be 
repeated in successive strips across the 
deposit if conditions remain the same. 

Such shallow overburdens seldom re¬ 
quire blasting but use of a rooter may speed 
the digging, 

ft will be noted that this machine back¬ 
fills the face of the pay layer so that work 
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Fig. 10-3. Bulldozer dripping 

must be done from the surface of the seam* 
Bulldozers are also essential auxiliary 
tools in the heavier stripping work. 

Semper, Scrapers, or pans, are used in 
sidecasting, ha u Fa way, and combined strip¬ 
ping. Their best application is to soils not 
requiring blasting, or which blast into fine 
fragments, and which are not deep enough 
to justify the use of shovels with enough 
reach to give the pit width required. 

Figures 10-4 and 10-5 illustrate two 
methods of scraper use. These ai'e con¬ 
sidered sideeasting since the spoil piles are 
placed immediately behind the pit, but 
otherwise the work is identical with haul¬ 
away with the same machines. A particular 
problem chat becomes more important as 
depth increases* is maintenance of haul 
roads across the pit and up die spoil bank. 

In 104 the high wall is smoothed off and 
the outcrop of the pay formation covered 





Fig. 104. Stripping shallow overburden with 
scrapers 

by bulldozers working down the slope. The 
pans then dig the high wall, working do wit- 
hitl T and build their fill on the full width 



Fig, 10-5. Stripping deep overburden wtih 
scrapers 
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of the empty pit, working against and par¬ 
allel to the spoil bank. 

In 10-5 the digging and spreading are 
both done the long way of the pit The seam 
outcrop is crossed only occasionally by haul 
roads* the rest of die face being left 
exposed. 

Lengthwise digging is well adapted to 
combined operations. If only part of the 
overburden were to be removed by the 
scrapers* and the balance by shovels* a 
narrower fill would be made, as indicated 
by dot-dash lines. The scraper work would 
thus serve to reduce the depth to be handled 
and the distance it would have to be 
thrown. 

Scraper cuts such as shown in 10-5 (B) 
and (C), are frequently made to dispose 
of loose or soft overburden on rock which 
requires blasting. This reduces the drilling 
footage, eliminates the need of casing large 
blast holes* and permits use of w r agon drills 
on the exposed rock. 

Fill from such preliminary 1 cuts is often 
used in grading old spoil banks. 

DippeV Shovel- For sidecasting work, 
dipper shovels are equipped with extra long 
booms and sticks to increase reach. These 
arc compensated by extra counterweight 
and power or smaller buckets. 

Crawler mounted stripping shovels are 
made with bucket si^es from three eighths 
to forty yard capacity. In any size, they 
may be used either for sidecastmg* or for 
loading trucks or trains* which stand in the 
pit or on comparatively low walls. 

Small and medium stripping shovels are 
generally more or less standard units that 
can be readily transported from job to job. 
Large ones are likely to be custom made, 
shipped to the job in pieces* and erected at 
considerable expense. Their high cost is 
only justified when enough work is available 
to repay it. 

Diesel* diesel-electric, and high-line elec¬ 
tric power are used in medium and large 
units. Separate electric motors may be used 





Fig. 10-6. Two-trip s(ripping with a dipper 
shovel 


for each shovel function, or one motor may 
power two or more gear trains. 

For casting, reach must be increased with 
the depth of overburden, as the slope of the 
pile progressively narrows the work area 
in proportion to top width of the cul In¬ 
creases in power and bucket capacity are 
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Fifi, JO-8, stripping With a dragline 


required for digging harder and coarser ma¬ 
terial, and for greater output. 

The targe stripping shovel can dig harder 
unblasted material, or more coarsely 
broken blasted rock, than any other exca¬ 
vator. 

A shovel may make one, two, or more 
trips to clear a working area. It may be 
worked from the coal or pay seam, or from 
the floor left after its removal. 

Figure 10-6 illustrates two-trip stripping 
by a shovel, and 10-7 one-trip by a bigger 
one. Maximum swing required is I SO 1 ' 

The shovel is followed by one or more 
clean-up bulldozers. The toe of the high 
tvall is scraped back for convenience of 
drill crews, and the surface of the pay seam 
is cleaned of material left or dropped by 


the shove], or which has slid or rolled from 
the pile. This debris is pushed into the spoil 
pile. 

Coal may be injured by grousers of 
heavy bulldozers. Rubber tired dozers, or 
crawlers with the grousers trimmed back 
or covered by street shoes can be used la 
avoid damage. 

Dragline, Stripping draglines are avail¬ 
able in sizes comparable to those of the 
shovels. Power plants are similar. Crawler 
or walking mountings may be used. The 
walker rests directly on the ground and 
moves by eccentric movement of shoes on 
each side, ft is safer for use on high or 
loose banks because its ground pressure 
is low and it can turn to walk without exert¬ 
ing any side thrust. 
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walkers and stackers 


Walkers are not adapted to use on pit 
floors because they can only walk away 
from the boom so that they may be trapped 
if unable to swing freely. In addition, they 
are usually wider than crawlers of the same 
weight. 

The dragline strips by moving along the 
high wall, parallel with the pit, digging be¬ 
hind it and casting onto the spoit pile, as 
in Figure 10-8. Maximum swing is about 
ninety degrees. Standard practice is to dig 
within the radius of the boom point. 

Large draglines can dig hard and coarse 
formations but are somewhat less efficient 
in them than shovels. 

Draglines can load part or all of the 
spoil into trucks or trains, on the wall or 
in the pit. They can dig selectively from the 
top down, handling different formations in 
succession from one stand, providing blast¬ 
ing has not disarranged and mixed them 
too badly. 

This ability makes possible a rough divi¬ 
sion of the bank into select material to be 
hauled away, and waste to be sidecast. 

Clean-up bulldozers follow immediately 
after the dragline and push their loads 
within reach of its bucket. 

Stacker. Stackers are mobile elevating 
belts. The belt is carried in a boom which 
can usually be raised, lowered, and swung 




Fig. 10-9. Dipper and stacker handling over¬ 
burden 


while operating, and may be adjustable in 
length as well. 

Figure 10-9 illustrates the use of one of 
these machines in conjunction with a stand¬ 
ard-boom shovel, The shovel digs the bank 
and dumps in the hopper, from which the 
belt carries it to the spoil bank. 

Dug soil can usually be moved more 
economically by a conveyor belt than by 
swinging a shovel heavy enough to carry 
a boom of the same range. However, the 
stacker is not as flexible and wili not handle 
as coarse material as a stripping shovel or 
dragline. 

The stacker is also used in the pit for 
loading trucks up on the bank. 

Double Costing. If a space is required 
which is wider than that which can be 
stripped by available shove! and dragline 
equipment, and the spoil is too coarse for 
scrapers, a shovel may be used to swing the 
spoil out onto the pit floor, and a dragline 
to pile it on the bank. The illustration in 
Figure 10-10 is of a quarry requiring a 
wide working area below the face. 

For best results, the two machines must 
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Fig. JO-11, Overburden removal with a cable excavator 


work together as, if the dipper is allowed 
uj build a substantial windrow, the draalinc 
will need a longer reach to get to its far 
edge. 

A dragline may also be operated on the 
previous spoil bank to take of! the top of 
the pile being built by a shovel, to increase 
its disposal capacity. 

The extra expense of double casting 
limits its use to spcciai conditions. 

Cable Excavator. Overburden can some¬ 
times be economically stripped with slack- 
line cableways. A long pH will require a 
mobile or portable lower and means for 
easily moving the tail tower. 

A good practice is to locate ihe heavy 
head tower on undisturbed ground, and the 
tail tower on the old spoil, as in Figure 
10-11, The bucket and dump mechanism 





Fig. 10-J2. Piling spoil 
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are made to dump at the low end, and dig¬ 
ging is done toward ihe head tower to avoid 
dragging spoil over the face. 

Slack lines are best adapted to wide cuts. 
They may be assisted by rooters or blasting 
in hard deposits. 

If access to the face is not required, a 
power drag scraper can be used to pull the 
overburden into the old pit, 
trading Spoil. The spoil banks from 
light stripping operations can be leveled by 
bulldozers, scrapers, or graders. However, 
(he huge machines used in heavy stripping 
leave such large coarse piles that the biggest 
dozers cannot reduce them economically, 
ihe problem is largely a new one, as 
prior to legislation of the subject, most of 
the stripped areas were left as permanent 
wastelands. Techniques are still in the ex¬ 
perimental stage. 

There arc two ways of approach—one, 
to do original piling in such a manner that 
a minimum of grading will be required, and 
the other, to strip in a conventional man¬ 
ner, then work over the result. 

If a dipper shovel is moved short dis¬ 
tances frequently, the high peaks of its 
spoil ridge are greatly reduced as indicated 
m Figure 10-12 (A) and (B). The more 
even ridge top is the more readily broken 
own by a bulldozer working along its crest, 
fie trough is also more regular and easier 
to grade out as a haul road. 

If the boom and stick are longer than is 
required by the height and slope of the 
auk, the ridge and trough surface can be 
eliminated by building out level with the 
o ank, ID} and (E), instead of heaping 
toward the pi,, as in <C). AccuraK glad- 










REMOVAL FROM PIT EDGE 


mg cannot be expected in such overhead 
dumping, but the bulk of the irregularities 
can be eliminated. 

A dragline with extra boom length can 
build a flat top pile by dumping against 
the bank near the top at full reach, and 
building out the edge by shorter or longer 
swings as required. Approximately the 
same result can be obtained with a slightly 
shorter boom by throwing some spoil. 

Another dragline procedure, requiring 
extra clearance at the pile foot, is to drag 
the top of the completed pile onto the slope 
to the pit, as in (F) and (G). 

If the machine can be reeved so as to 
have a live boom, grading off spoil heaps 
may be made much easier as the reach can 
be varied by raising or lowering the boom. 

When old piles too large for bulldozers 
must be leveled, a large dragline can be 
used to drag them down and spread them, 
in the manner described in Chapter 6 for 
leveling spoil heaps from ponds. 

Another system is to cut rough haul 
roads through the troughs, and build them 
up with spoil hauled From fresh stripping. 
Scrapers usually do this more economi¬ 
cally than trucks as they can spread as well 
as dump. The troughs may be entirely 
filled, or just brought up far enough to 
enable dozers or other machines to take 
down the tops. 

STRIPPING AHEAD OF PIT 
EXPANSION 

A pit in a heavy deposit usually expands 
rather slowly, and stripping work is done 
at intervals, often by the pit machinery in 
slack periods. Stripping may be postponed 
until the face is pushed back against the 
overburden, as in Figure 10-13 (A). 

Stripping may then be done by either 
pushing into the pit and loading from the 
bottom, or throwing back with a dragline, 
hoe, or clamshell. Consideration should be 
given to the question of caving of high 
banks. Bulldozers are most apt to cause 



Fig. 10-13. Stripping on edge of expanding 
pit 


collapse but may not be damaged. Revolv¬ 
ing shovels are both heavy and easy to 
overturn, and should be kept well back 
from doubtful edges. 

Once the edge is cleared, as in (B), the 
burden can be moved back farther by re¬ 
casting with the dragline, pushing with a 
dozer, or carrying in trucks or scrapers. 

If there is no definite boundary to the 
pit area, pushing back the soil and leaving 
it, which is generally the easiest disposal at 
the time, will cause greater expense when 
it has to be moved again. 

If the ground above the pit slopes up, 
it may be necessary to cut a platform par¬ 
allel to the edge to support the dragline, as 
in (C) and (D). Because of the inefficiency 
of casting uphill, the platform should be 
used as a toad for hauling the spoil. 

It is vital to pit efficiency to keep over¬ 
burden stripped far enough ahead to be out 
of the way in rush periods. Failure to do 
this often results in spoiling or losing valu¬ 
able material, and in inability to fill impor¬ 
tant orders. 
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Waste Dumps. When Gil is hauled away, 
the techniques of digging and loading are 
about the same as those for paydirt, so 
that a separate discussion is not required. 

The requirements for a waste dump are 
that it be as dose to the digging as possible, 
and require a minimum of grading and 
supervision. These needs are often an¬ 
swered by an abandoned section of the pit 
with access to the top of a high face. Very 
high fills may build out so slowly that 
spreading equipment is required only at 
long intervals. 

However, ihere is danger of trucks back¬ 
ing oflf Ihe edge, or the edge itself falling 
away, ff this danger exists, a log or timber 
support or bumper should be placed at 
each of several dumping spots, and moved 
sideward or outward as required. 

If it can be managed without substan¬ 
tial extra expense, different types of spoil 
should be placed in separate dumps in such 
a manner [hat they will he accessible for 
re-digging. Changed conditions may make 
previously worthless material valuable. Ex¬ 
amples are the current reclaiming of mine 
tailings and slag heaps, 

TOPSOIL 

Topsoil h frequently the only material 
sold from a temporary pit. At other times, 
it may be a highly profitable side line, or 
a costly stripping and wasting problem. 

In this discussion, topsoil is defined as 
any layer or layers of soil containing suffi¬ 
cient humus (organic matter) and plant 
food to support a good growth of grass or 
other desirable vegetation, it is ordinarily 
on the surface but is occasionally buried by 
flood deposits or slides. 

In [he eastern states, topsoils are pre¬ 
dominantly brown in color, with a humus 
content between 3 percent and 20 percent 
by weight. Depth varies from zero on ridges 
to many feet in bottom lands, but is usually 
between four and ten inches. Division from 
lower soil layers is usually definite. These 


soils will be the basis of most of the follow¬ 
ing discussion. 

fn arid and semi-arid sections of the 
West, topsoil tends to be deficient in Emm us 
and rich in minerals. It is often difficult to 
distinguish from subsoil. It may occur in 
deep layers or deposits and in general does 
not obtain as high a price as in the East. 

The prairie topsoils range from eight 
inches to several feet irt depth, may be 
brown or black, are rich in both humus and 
minerals, and generally have an excellent 
texture. 

Swamp topsoils, in any section, tend to 
be gray to black in color and may contain 
up to S5 percent organic matter. Depths 
vary from a few inches to hundreds of feet. 
The richer deposits are not topsoil as de¬ 
fined above, and will be discussed sepa¬ 
rately as peat. 

In general, the salability of topsoil is de¬ 
termined more by appearance and texture 
than by the ability to grow crops. The 
average topsoil buyer will seldom have soil 
tested, and tests are often not as reliable 
as good judgment. 

Topsoils with high percentages of clay 
or silt will be heavy, stow draining, and in¬ 
clined to pack into hard lumps if disturbed 
when wet. Increase of humus content will 
soften the lumps. 

Sandy or gravelly topsoil is loose in tex¬ 
ture,, drains readily* tends to dry out* and 
can be worked when wet without caking. 
Most soils fall in an intermediate structure, 
with variable draining and lumping charac¬ 
teristics. 

I ilth is the condition of the soil in regard 
to lump or particle size. It is affected by 
grain size, humus content, microorganisms, 
and the way in which it has been worked. 
For most crops, a loose structure made up 
of fine, soft lumps is desirable. 

Appearance is largely a matter of color* 
and freedom from lumps, stones, subsoil, 
and trash. Dark soils are generally pre¬ 
ferred, with strong differences of opinion 
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between black and brown types. Red tint¬ 
ing is due to the presence of iron and has 
no significance in many localities. When 
entirely dry, topsoil loses its color and is 
practically indistinguishable from subsoil 

A plowed or cultivated field, or a top¬ 
soil pile will appear darker and richer when 
the observer is looking toward the sun 
than when he is looking away from it. 

Testing* One test of topsoil is the obser¬ 
vation of the type and condition of vege¬ 
tation it supports before stripping. Allow¬ 
ance must be made for weather conditions 
and the type of crop. Old pastures or fields 
may become sod bound, or taken over by 
low growth, so that good topsoil will give a 
poor appearance. 

The vigor of weed growth on piled top¬ 
soil is an excellent index to quality. 

Laboratory or field tests can be made 
for humus content, grain size, acidity, and 
available plant food" Humus is measured 
by the ignition test to be described for peat, 
and grain size on screens used for testing 
sand and gravel. 

The lest for acid-alkaline balance is com¬ 
monly made by pressing litmus paper 
against the damp soil, and comparing its 
new color with a chart. If the soil is dry, 
distilled water should be used to dampen it, 
as tap or pond water may give a false read¬ 
ing- 

Acidity is expressed in terms of pH 
(percentage of free hydrogen ions). A 
reading of 7.0 is neutral, lower readings 
increasingly acid, and higher ones alkaline. 
Most plants will grow under quite a wide 
range of conditions, A slightly acid con¬ 
dition is desirable for most of them. 

Excessive acidity is readily corrected by 
the addition of lime which can be spread on 
the field before plowing or disking. Soils 
arc made more acid by mixing with humus, 
oak leaves, or aluminum sulfate. 

Kits obtainable at garden supply stores 
can be used to measure available or soluble 
nitrogen, potash (potassium oxide), and 


phosphorus or phosphorus oxide. It should 
be remembered, however, that these chemi¬ 
cals are often taken up by plants, or leached 
out by rain, as fast as they become soluble. 
The real measure of prolonged fertility is 
the insoluble reserves that are gradually 
made available by soil organisms, plants, 
and weathering. Except for humus, which 
is rich in nitrogen, and often in the others, 
such reserves are difficult to measure. 

Preparation for Stripping. The cost ol 
properly preparing a field from which top¬ 
soil is to be sold is usually a small part of 
the total expense, and should increase the 
value of the soil so that it will cither com¬ 
mand a higher price or be more readily 
salable at a standard price. 

Aside from clearing, field preparation 
may not be necessary if the soil is to be 
left piled long enough to rot the vegetation 

_usually four to six weeks of warm 

weather for sod—or if digging is to be 
done by a chain bucket loader. Plowed land 
is more easily and cheaply piled by a bull¬ 
dozer lhan solid fields. 

Removal of brush is described in Chap¬ 
ter 1, If no other excavation is to follow 
the topsoil stripping, medium and large 
trees should be left, as the amount of soil 
obtained from around their slumps is small, 
and the expense of removal and the loss 
of property value may be considerable, 

The field should be plowed to the full 
depth of the topsoil, if possible, or at least 
deep enough lo turn up most of the roots 
of the grass or crop. However, turning up 
of subsoil should be kept to a minimum, 
particularly if it is of a conspicuously differ¬ 
ent color. Therefore, if the topsoil depth is 
variable, or plow depth hard to control, it 
may be necessary to plow very lightly, 
Plowing is usually necessary for sod and 
heavy crops. Disking may be enough to 
cut up soft light crops, and on shallow 
soils will avoid bringing up subsoil, Disk¬ 
ing generally does not loosen soil deeply 
enough to help a bulldozer much, but may 
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create an ideal condition for hoe or drag¬ 
line piling. 

If a fold is burned off* it can usually be 
disked without plowing. This practice h 
not recommended* as chopped up vegeta¬ 
tion increases bulk and improves the qual¬ 
ity and the appearance of the soil. However, 
occasionally it will be of advantage for 
economy in handling, or for immediate 
sale to customers wanting very clean soil. 

After plowing B the field should be thor¬ 
oughly disked so that the vegetation is 
chopped up and well mixed with the soil. It 
is then ready for stripping. 

If soil is to be removed in a wet season, 
it may be necessary to leave some strips 
of sod intact to support trucks. 

Noxious weeds can be reduced or elimi¬ 
nated by planting and turning under one 
or more vigorous* close growing cover 
crops. Buckwheat is particularly effective at 
smothering out. 

Nitrogen Deficiency* When vegetation is 
turned under and mixed with soil there is an 
immediate and rapid increase in the number 
of the microorganisms which cause h to de¬ 
cay. For their growth they need nitrogen. If 
the crop is a legume, such as clover or vetch* 
they will be able to obtain it as they break 
dow r n the plant material, otherwise they 
obtain it, or as much as they can get, from 
the soil 

This h likely to result in temporary total 
exhaustion of available nitrogen. When the 
vegetation has decayed so that it no longer 
provides sufficient food, most of the or¬ 
ganisms die and their nitrogen is largely 
relumed to the soil. 

During the interval, which is two or three 
weeks for fresh green material in warm 
weather, and longer when the material is 
dry or coarse, when soil moisture is de¬ 
ficient. or when the weather is cold, any 
crop which is planted will be starved for 
nitrogen and make little or no growth. 

This effect is most severe when condi¬ 
tions favor rapid decay. 


Buyers of topsoil containing large 
amounts of freshly mixed vegetation should 
therefore be cautioned to either allow suffi¬ 
cient time to elapse before planting grass 
seed, or to supply nitrogen fertilizer to 
give the plants a start. Otherwise consider¬ 
able dissatisfaction may be expressed and 
future orders lost. 

Packing Soil. The value of topsoil is re¬ 
duced or lost if it is packed into lumps* 
Except for a few very light and friable soil 
types, varying degrees of damage will be 
done if it is worked wet, or trucked over 
except when thoroughly dry. 

Wet working breaks down the soil parti¬ 
cles into a structureless mud that dries into 
lumps and sheets. The probability of dam¬ 
age increases with the amount of contained 
water, and its severity decreases with in¬ 
creased proportions of sand or humus. 

Packing under trucks or other heavy 
machinery may produce the same result 
by bringing water out of small spaces be¬ 
tween particles so that it will make a mud. 
I rucking on rather dry soils will produce 
compression cakes which are usually softer 
than the mud lumps. 

A rough test of condition may be made 
by rubbing a sample of soil between thumb 
and linger. If it smears* it is too wet, and 
if the particles remain separate, it is prob¬ 
ably ready to work. The dirt turned by 
she plow or dozer blade should be watched 
for smearing, which indicates that soil is 
too w-et. 

Topsoil should not be trucked over, but 
it is often impossible to avoid doing it. 
The stripped areas may be too soft, or they 
may not offer enough space for maneuver¬ 
ing. If the latter, trucks may be routed to 
drive empty across the topsoil and run on 
the subsoil with loads. 

It is usually better to completely niin a 
narrow strip of soil by using it as a haul 
road than to damage a large area by allow¬ 
ing trucks to wander around on it. 

Soil lumps are completely broken down 
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by freezing and thawing and usually dis¬ 
integrate slowly in wet seasons. If still on 
ihe field, roots of a cover crop, or some¬ 
times only a thorough rolling or disking, 
will reduce them. 

If absolutely necessary, a hammer mill 
shredder of the type used for humus can be 
used to pulverize them. 

Piling, The standard tool for piling top¬ 
soil is the bulldozer. The shovel-dozer does 
the work in the same manner, but rather 
more efficiently, as it can make rather high 
piles without walking on them, and can 
back soil out from corncts. 

When piling is done in advance of load¬ 
ing. the standard practice is to heap the soil 
in windrows (long piles). These may be 
run up and down the slope so as not to 
interfere with drainage; or across it to keep 
in uniform soil types, or for convenience 
in trucking. It may he necessary to make 
occasional breaks in windrows to prevent 
ponding of water above them. Piling should 
be started at the entrance to avoid truck¬ 
ing over unstripped areas. 

Windrow size will vary with loading re¬ 
quirements and soil depth, and the size 
of the bulldozer. Small, closely spaced 
ridges are most easily piled but loading ma¬ 
chines work best in large high piles. Large 
dozers and deep soil favor building big 
piles. 

Building of the piles is described in 
Chapter 4. The width of the windrow 
should be figured in advance so that work 
will not be wasted by digging inside the 
pile area, then refilling. 

If piles run up and down a slope, strip¬ 
ping should be done from the top down 
to correct any tendency to gouge on the 
lower side. If piles run across the slope, 
most or all of the soil should be moved 
downhill. 

Under ordinary conditions, the top of 
the topsoil is piled first, so that the operator 
can concentrate on moving big loads with¬ 
out much concern about accurate work. 


After a section has been rough stripped, 
it is gone over again, carefully cutting to 
the bottom of the good soil and working 
from the back of the cut. The windrows of 
topsoil left by the sides of the blade are 
then pushed in. If two dozers are working, 
the one with the more accurate blade con¬ 
trol, or the smaller one. is used for the 
cleanup. 

Careful separation of the topsoil from 
subsoil is a requirement of most stripping- 
inclusion of even considerable amounts of 
loose fill in topsoil does not usually damage 
its usefulness, but it is a type of adultera¬ 
tion that is unpopular with the buyer. The 
damage to appearance and value is espe¬ 
cially severe if the subsoil is a conspicu¬ 
ously different color, or texture, or is in 
the form of lumps or sheets. It is generally 
better to leave a thin sheet of topsoil on 
the field than to mix topsoil and fill. 

However, if the stripping is done in order 
to get clean dirt or gravel for roads or other 
purposes, it may be better to concentrate 
on cleaning the surface, even if some fill 
mixes with the topsoil. 

Topsoil and subsoil arc separated chiefly 
on the basis of color. If the difference is 
prominent, the distinction is easy to make, 
but the results of a mistake are painfully 
obvious. 

Light conditions may obscure the color 
difference. When the sun is very tow, in 
the morning or evening, or high in a clear 
sky, subsoil"and topsoil may took the same. 
Cloudy days and intermediate sun eleva¬ 
tions give the dearest distinction. 

Any shovel rig can be used for piling 
topsoil. The skimmer and dragline are best 
at it, and the toothed clamshell slowest. 
Shovels work rather slowly in shallow soil. 
The hoe is adept at salvaging soil along a 
wall or fence. 

Shovels loosen and aerate the soil, and 
cause minimum damage in handling it when 
wet. Fill dug with the topsoil can be con¬ 
cealed by mixing in. Teeth prevent abso- 
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Fig, 10-14. Loading topsoil wilh shovel dozer 

lute accurate work, and it is good practice 
Eo clean up afterward wilh a dozer. 
Scrapers are used for piling topsoil 
chiefly when it has to be completely re¬ 
moved from a large work area. They gen¬ 
erally make wide, low piles that are more 
readily rehandled by scrapers than by other 
excavators. They pack the soil heavily even 
when it is in good working condition, 

U topsoil is stripped from one part of the 
job at the same time that it is spread on 
smother, the scraper can combine the two 
operations very efficiently. 

Scrapers drawn by fast wheel tractors 
may be used to dig topsoil and deliver it 
by road to local customers, who will appre¬ 
ciate having it spread. 


Loading From the Kile. Topsoil is com¬ 
paratively light and normally lias a low 
digging resistance. However, it tends to 
push ahead of narrow buckets, instead of 
entering them, and this factor* coupled with 
the small size of the usual pile, may reduce 
production below that of hard digging In 
a bank, 

Difficulty in filling the bucket may be 
reduced by thorough chopping of sod and 
weeds before piling, building large piles, 
and building plies on undug areas so that 
the bottom of the bucket will work in firm 
soil. 

The best machine for topsoil loading is 
the chain bucket loader. Its feeding mech¬ 
anism chops up sod and trash, and mixes, 
aerates, and puffs up the bulk of the soil. 
A3though production rate is usually high, 
the soil Is discharged in a thin stream* so 
that trash and rocks are readily rt-niovcd. 

h can dig directly from an tmplowed 
field but output is higher in piles. It is 
seriously hindered and may be damaged 
by large rocks or roots. 

Next in preference is the shovel dozer 
because of flexibility, ability to toad from 
either pile or field, to clean up as it works, 
to pile when not loading* and high produc¬ 
tion in relation to purchase price. Trucks 
are backed into the end of the pile* in 
variable positions to keep them at an angle 
of about forty-five degrees to the digging, 
as shown in Figure 10-14, These wide 
buckets get heaping loads until the end of 
the pile is reached. The remnants can be 
pushed to lhe next pile. 

The dipper shovel i$ widely used. It 
may have trouble filling the bucket but its 
principal difficulty is in cleaning up. If 
the pile is narrow, as in Figure 10-15 (A), 
it can walk down the center and scrape in 
the sides by swing dragging. If the pile is 
heavy, os in (B), it can dig the bulk from 
one side, easily cleaning as it goes, and 
come back through the small remnant. In 
either case, it is best to have a bulldozer 
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C 

Fig. 10-15, Loading topsoil with dipper 
shovel 




Fig. 10-16. Loading topsoil with dragline and 
hoe 


work with It, at least part lime, cleaning 
up, A light rubber-tired dozer is generally 
adequate. 

When digging a windrow ending in a 
wall or property line, as in (C). the shovel 
should be started at that end and worked 
in, to minimize working soil over the end 
and losing it. 

Draglines and clamshells can be worked 
from one side of the pile, as in Figure 10- 
16 (A), or preferably from the smoothed- 
off top, as in (B). The lop of the pile is 
particularly suitable for hoes, as in (Cl, 
as they load more rapidly and easily if 
higher than the trucks, These rigs clean 
up the edges without extra work but can 
strip closer if aided by a dozer. 

Any shovel cutting to a grade will occa¬ 


sionally go below 1 it so that fill will be dug. 
The mistake is immediately shown by the 
color of the bottom. The bucket should 
be dumped off to the side to be wasted, or 
on the pile, to break up and mix the slice 
of fill. Subsoil may be deliberately dug 
and mixed in this manner if the topsoil is 
rich and the price is low or the buyer in¬ 
different. 

If the soil is uneven in quality, the shovel 
may mix it up during loading. 

The buyer may not be able to judge the 
quality of the topsoil he is getting from 
observation of it in the truck, or after being 
dumped. The operator of a revolving shovel 
may put undesirable material in the back 
of the truck, good soil in the front and over 
the top. The top layer is all that is seen in 
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transit and that which was in the bottom 
front after it is damped, 

Jf any doubt exists about the reliability 
of the supplier, the loads should be spread 
as soon as received. 

Loading from the Field. Topsoil is often 
loaded direct from the field, with no sys¬ 
tematic preliminary piling. The efficiency 
of the operation depends on the depth of 
the soil, the machinery used, and the output 
required. 

Best results will be attained in deep 
soils, as increase in depth reduces the pro¬ 
portion of time spent in trimming the 
bottom and in moving into the digging. 

Unless the soil is very hard or rocky, 
the bucket loader gives the best results; 
particularly as vegetation does not have to 
be disked ahead of it. The dozer shovel 
and ihe skimmer are well adapted, and 
practically any loading machine can be used 
unless the soil is quite shallow. 

High production cannot be expected of 
any machine, except possibly the bucket 
loader, in shallow stripping. However, if 
the trucks are scheduled so that the shovel 
dozer has free time between them, it can 
stockpile enough to enable it to fill the 
truck quickly. 

Sometimes a bulldozer is used to boost 
output by feeding soil to the loader. This 
may be done on [he whole job or just on 
thin spots. Dozer cleanup after digging is 
usually desirable. 

Screening, Topsoil may be coarsely 
screened on a portable grizzly, which is 
placed on the truck body prior to loading, 
or may be up on legs so that the truck can 
back under it. The latter type requires large 
piles for convenient use. A truck with a 
permanently mounted screen can be used 
to haul to a nearby stockpile. 

These are used either to market topsoil 
which is otherwise unsalable because of 
presence of rocks, roots, and trash; or to 
obtain a premium price, fi is usually nec¬ 
essary to have a man to dean stuck 


material off the grizzly. Best results are 
obtained with dry or sandy soils. Heavy 
soils require a coarse mesh and must be put 
on a small quantity at a time, or too large a 
proportion may be rejected. 

Reducing the slope of the screen will 
allow more material to go through, but 
will increase sticking and piling up on the 
surface. 

Square openings from one half inch up 
to four inches are used, or similar bar 
spaoings. 

A much finer product, with less waste 
in rejections, can be obtained by using a 
revoking screen on the discharge of a 
bucket loader. A portable gravel screening 
plant might be used, with some changes. 

If the topsoil is full of lumps, a hammer 
mill shredder may be used to reduce them. 

If only occasional loads are required, 
hand screening will be more economical 
than the purchase or conversion of equip¬ 
ment. 

Artificial Topsoil. Topsoil of fair to ex¬ 
cellent quality can be manufactured by 
expert mixing of fill and peat (humus). 
Poor quality topsoil can be enriched, or 
dark rich soil made to go further, by simi¬ 
lar mixing. 

If the humus is pure (less than 20 per¬ 
cent ash when burned after drying} T and 
air dry so as to contain less than 25 percent 
water, about one part of humus to two 
to four of fill is used. The fill should be of 
light texture, but not coarse or gravelly, 
and preferably taken from near the surface. 
Fine white sand is sometimes used instead 
of fill, to provide a mixture for topping golf 
greens. 

The mixing is done by a bucket loader. 
The two materials may be fed to it from 
stockpiles by a dozer or shovel, or a 
combined pile may be made by dumping 
and leveling fill, and then dumping humus 
on top to make proper proportions. 

Revolving shovels can mix the materials 
by piling and re-piling. 
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Peat is generally quite acid, and unless 
an acid soil is wanted^ or the till is quite 
alkaline, ground limestone should be 
added at die mixing paddles. Manure, or 
general purpose chemical fertilizer, such 
as 5-LG-5, added at the same lime, will 
improve the product. 

Success in topsoil compounding depends 
on a supply of good cheap humus and suit¬ 
able subsoil, proper fixing, and local ac¬ 
ceptance of the product. 

Storage. Topsoil is often left piled for 
long periods. Texture is generally improved 
by standing over the winter, and quality 
does not seem to be damaged much even 
by years of storage. In hot dry seasons, it 
may bake out to colorless dust, which is 
unpleasant to load and hard to sell, but 
a wet season will restore its original tex¬ 
ture. 

However, piled topsoil will support a 
luxuriant growth of grass and weeds, which 
quickly forms a sod that is very undesira¬ 
ble. The irregular shape of the piles makes 
cultivation with any ordinary tools al¬ 
most impossible. Flame guns are tedious 
to use and ineffective, and chemical weed 
killers are selective and uncertain in action. 

Such growth can be kept down, at a 
price, by cultivation with a bulldozer, as 
in Figure 10-17, The machine is run along 
the crown of the windrow, cutting off the 
top and allowing the dirt to flow down 
the sides. This uproots or buries a large 
part of the weeds. Later the bulldozer 
pushes the sides back up to the top. as 
in (C) and (D), destroying the rest of 
them. Most economical results are obtained 
by allowing a week or more to pass be¬ 
tween the two operations. The job is done 
over as often as necessary. 

This serves not only to keep the soil 
clean, but also to enrich it by the decay of 
the wceds. 

Re storing Vegetetkm* When topsoil 
stripping is not followed by other work, 
areas are left denuded of vegetation and 



Fig. 10-L7. Weed control on piled topsoil 


10-17 



TOPSOIL 


the ability to grow it. They tend [o cause 
a dust nuisance, and to erode badly, be¬ 
coming a mass of unsightly gullies, and 
often silt up streams and block roads with 
the waste. 

As a result of such nuisances, many com¬ 
munities now forbid the stripping of top¬ 
soil, or impose restrictions on the work. 
The least of these is to require a guaran¬ 
tee to restore the vegetation on the stripped 
areas. 

Under favorable conditions, this work is 
neither difficult nor impossibly expensive h 
particularly if some topsoil is left. 

The process is similar to that required 
to restore worn out and eroded farmland. 
The ground is loosened with rippers and 
plows* loose rocks are picked up or pushed 
off. a liberal application of manure or 
fertilizer and perhaps of lime made, and a 
crop planted. Fertilizing and seeding should 
be heaviest in drainage ways. This crop 
should be one that will grow readily on 
poor land. The local Farm Bureau will be 
able to advise one or more suitable for 
the conditions and season. 

In many localities, buckwheat or soy 
beans make a good summer crop, and a 
rye and vetch mixture is suitable for fall 
or early spring. When the plants are in 
Rower or beginning to seed, they should be 
plowed or disked under, and additional fer¬ 
tilizer supplied to spots that did not grow 
properly. After an interval of two or more 
w r eeks. depending on local practice, another 
crop* preferably a self-seeding Icguntc such 
as sweet clover, is planted. The seed should 
be inoculated whh a culture of the proper 
nitrogen-fixing bacieria. Some patch ferti¬ 
lization and replanting may be necessary 
later, and any tendency to gully can be 
checked with topsoil patches* heavy fer¬ 
tilizing and planting, or brush mats. 

With hick and good farming* (he second 
crop may hold the land so that no further 
plantings are necessary. Decay of plants 
and nitrogen absorbed from the air will 


enrich the soil* so that the native vegeta¬ 
tion of the area will soon be able to re¬ 
establish itself 

Reclamation probably gives best results 
on glacial till soils which will develop a 
new topsoil cover in a surprisingly short 
time. The author has taken good topsoil olf 
land that was thoroughly stripped ten years 
before. In this case^ however, three or more 
crops were turned under before sweet 
clover was left as a permanent cover. 

Floors of deep pits will respond to the 
same methods but much more slowly. Deep 
subsoils rarely have proper tilth, or plant 
food in quickly available form for crops, 
so more “green manuring,” or turning un¬ 
der of vegetation, is required. 

Animal manure will give better results 
chan chemical fertilizers, particularly on 
doors of deep excavations, largely because 
it contains many organisms essential to a 
healthy soil. However* in many localities 
it is difficult and expensive to obtain. 

h is advantageous to plant as soon after 
stripping as possible. If an interval is to 
elapse between piling and loading, it is 
good practice to plant a cover crop between 
the piles to prevent the development of a 
dust nuisance and loss of topsoil remnants. 

PEAT (HUMUS) 

Characteristics* This is a light* soft, ab¬ 
sorbent* organic substance formed by par¬ 
tial decay of vegetation, which accumulates 
in more or less pure form in swamps or 
shallow ponds, h is usually brown or black* 
and may be a structureless jelly, or fi¬ 
brous, or lumpy with recognizable rem¬ 
nants of wood or leaves. 

Jt may be mixed with varying quantities 
of soil which increase its weight and will 
make it lighter in color, particularly when 
dry. Water content is 50 percent or more 
by volume. 

When pure from 70 to S5 pereem of its 
dry weight is organic and the balance 
mineral ash. 
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In some countries it is used extensively 
as fuel, when partly or wholly dried, 

If allowed to dry in stockpiles or de¬ 
watered deposits, it will take fire rather 
easily and bum slowly and persistently. 
It can be put out by complete soaking, or 
controlled by cutoff trenches. This prob¬ 
lem is discussed in Chapter 1. 

Peat is usually very acid. It may contain 
no immediately available plant food, but 
reserve supplies in insoluble form arc good, 
particularly of nitrogen. It may be sterile, 
or able to support only limited growth, 
when first dug, but on exposure to weather 
it will gradually become fertile. It will make 
good topsoil when mixed with soil or sand, 
and lime and manure. 

It is used to enrich lawns and gardens 
and occasionally farms. Golf courses use 
large quantities. It will soften heavy soils 
so that they will not bake hard; and make 
light soils absorbent so that they will not 
dry out readily- Use of large quantities at 
one application, particularly without thor¬ 
ough mixing, may unbalance the soil so 
as to make it temporarily unsuitable for 
some crops. Lime should be used liberally 
with it unless add loving plants are to be 
grown, Manure, or to a less extent fer¬ 
tilizers, may prevent unbalance, 

Humus may be tested for water content, 
for organic matter, and acidity. A quantity 
is weighed, baked dry at low heat, and 
weighed again, The difference is the water 
which it held. 

The dry humus is then raised to a red 
heat, stirred occasionally, and kept at this 
temperature until it has been reduced to 
ash. The ash is weighed. The difference 
from dry weight is the organic content. 

Confusion is caused by the use of humus 
and organic content in reference both to 
the total weight of dry plant or animal rem¬ 
nants, and ihe non-ash part of such rem¬ 
nants. As an example, a pure peat deposit 
may he said to be 100 percent humus or 
organic material; or 85 percent humus after 


allowing for the minerals contained in the 
woody fiber. Both usages are permissible. 

Percentage tests are best performed in 
the laboratory' but they can be done 
roughly in the field, or at home, with a 
heavy pot and kitchen or parcel post scales. 
The pot should be weighed separately, and 
all other weights taken in it. The largest 
quantity convenient should be processed 
to minimize errors in reading the small 
weight of the ash. 

Burning humus may produce noxious 
fumes so good ventilation should be pro¬ 
vided. 

Tests for acidity are the same as used 
for topsoil. Extremely acid conditions are 
to be expected. 

Digging, Peat Is normally a water level 
or underwater deposit. It is often readily 
drained or pumped dry, and is soft and 
light to dig, However, it is difficult to re¬ 
cover, particularly in large deposits, as it 
is sometimes too unsubstantial to make safe 
fooling ever for crawler draglines on plat- 
forms, or to support ordinary haul roads. 

Methods of digging and getting it out 
of the pit are discussed in Chapters 3 and 
6. In general, the cable excavator mines 
it at lowest overall cost, and with fewest 
complications, but operations are often 
too small to justify the necessary invest¬ 
ment. 

Curing. A particular problem is the high 
water content, Half to three quarters of the 
water will drain out of a pile in a month 
or two of dry weather, reducing its bulk 
50 per cent or more, 1 he balance will stay 
in it unless baked out. and is a normal part 
of bulk or screened humus. 

Before draining, the humus is too wet 
for handling ns it becomes sloppier cadi 
time it is moved, and it will not respond to 
processing. Provision must therefore be 
made for curing between the pit and the 
plant or customer, unless the piant is 
equipped with drying apparatus. 

A drag scraper or slacklinc may dump 
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Fig. 10-18, Humus pit layout (scale distorted) 


into a hopper, from which one or more 
movable conveyors carry it to piles, as 
in Figure 10-18, The conveyors may have 
to use cleared belts, or buckets, lo prevent 
the peat from flowing back along them. 
Conveyors, loaded by dragline or clamshell, 
can reclaim the piles to the plant: or the 
material may be loaded into trucks for 
sale as "raw 1 * humus as soon as It has 
drained. 

Draglines may pile it up at the pit edge 
and return to load ii. 

Machines handling dry or partly dried 
humus can be equipped w ith oversize buck¬ 
ets, or oversize drum lagging, or be run 
in a higher gear than it can when handling 
heavier soils. 

Processing. Humus is processed to break 
up lumps, to mis together different colors 


or grades, to mix in soil accidents It v or 
deliberately added, and to increase bulk 
by Huffing and aerating. 

A bucket loader will usually perform 
these functions, except the first, and load 
into trucks or storage at the same time. 
If lumps are soft, it can break them ns 
well, and If they are hard but infrequent, 
they can be removed by a man stationed 
at the discharge. If the ground under the 
pile is too soft to support the loader, it 
can walk on saplings or planks placed 
behind the blade and ahead of the tracks; 
or it can stand on firm ground and be 
supplied by a shovel. 

Humus loaded in this manner may or 
may not pass as a screened product. 

When lumps are a serious problem, or 
the product must meet rigid specifications. 


10*20 







bank gravel 


a shredder, often a special type of high 
speed ham me rm ill, is used. It is lighter 
and less costly than rock crushing models, 
but operates in the same way. Toothed 
drums may also be used. 

In small operations, the shredder may be 
supplied with hand shovels, and the product 
hand shoveled into trucks or left in a 
windrow to be gathered by a loader. 

A portable conveyor belt may take the 
humus from the discharge opening and load 
it in trucks, or on a pile. Larger portable 
mills may have a high hopper opening sup¬ 
plied by a hand loaded conveyor belt. 

The shredder can also be fed mechani¬ 
cally by any kind of loader, without hand 
work. 

Portable crushing and gravel plants arc 
sometimes successfully adapted to process¬ 
ing humus. 

Fixed plants should be on firm ground 
outside the pit, and may be supplied by 
cable excavator, conveyors, or trucks. They 
arc capable of much higher production, 
and may turn out a finer or more uniform 
product. They can be equipped with drying 
and packaging machinery so that their 
product can be sold in stores. 

In any calculation about humus it should 
be remembered that one yard in the wet 
deposit or pile means a half yard or less 
in the cured pile. 

GRAVEL, SAND AND CLAY 

Bank Gravel. Bank gravel is a useful 
and highly varied material. It consists 
chief]v of sand, pebbles, and cobbles, but 
may also contain clay, sill, and boulders, 
mixed in or in accompanying layers or 
pockets. The gravel proper is the pebbles 
and cobbles in sizes from 14" to 2". 

The specifications which gravel must 
meet to do certain jobs, and the proportions 
found in deposits, vaiy widely. The range 
of road gravel requirements is indicated in 
Chapter 8. 

Bank gravels consist mainly of deposits 


laid down by fast running streams, often 
of glacial origin, but they are also formed 
by waves on the seashore. The quality de¬ 
pends not only on the proportion of sizes 
but also on the angularity of the particles. 
Ware formed gravels arc predominantly 
rounded, glacial ones subargular. and prod¬ 
uct of other streams variable, 

Talus gravels, formed at the foot of 
cliffs by falling and sliding pieces of rock, 
are usually very coarse and angular, 

If gravels are not sufficiently angular for 
their job, and contain oversize stones, they 
may be mn through a crusher which will 
produce angular fragments. 

Fines in bank gravel act as a cement 
or binder, holding it together when dry. 
Gravel without binder becomes too loose 
for road use in hot, dry weather. 

Fines in excess of eight or ten percent 
mav cause a gravel to become sloppy after 
repeated freezing and thawing when wet. 
Fines over fifteen percent may cause it to 
soften under prolonged soaking. Soften¬ 
ing is made more likely bv a high propor¬ 
tion of fine sand in the mixture, and less 
likely if thorough compaction precedes ihc 
freezing or soaking. 

Any'grave I will become sloppy if soaked 
when freshly dug. but if of good quality, 
should drain and firm quite quickly. 

Gravels derived from continental gla¬ 
ciers are largely of hard rock. River and 
mountain glacier gravels are derived from 
upstream formations, and occasionally in¬ 
clude too much shale or other soft rock 
for sonic purposes. 

There arc a number of tests for gravel, 
for field and laboratory use. 

]f a specimen is rolled between the 
fingers, it will separate into grains which, 
if inspected with a magnifying glass, will 
indicate something of the sharpness and 
assortment of the sand particles. 

A sample, with stones over one quarter 
inch removed, can be shaken up with water 
in a glass jar, then allowed to stand. The 
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pebbles win form a layer in the bottom, 
with coane and then fine sand on lop. Silt 
and day will settle out more slowly, and 
may take an additional day to compact. 
The relative amounts of the different size 
particles can then be determined by in- 
spccuon. 

In the laboratory, gravel is dried, 
weighed, and put through a vibrating screen 
with many different meshes. The particles 
caught on each tray are weighed. Any 
lumps have to be broken up. This operation 
gives a dassi heat ion off the specimen for 
size gradation. 

Grave] can be tested for abrasion re¬ 
sistance by rolling in a cylinder with steel 
balls or other hard weights. Resistance to 
breaking up by freezing can be tested with 
cold, or with chemicals which duplicate 
its effect. 

Clean bank gravel of proper sand-gravel 
proportions is frequently mixed directly 
with cement for concrete. 

Sand. Most bank gravel deposits are 
more than half sand. In addition sand 
deposits occur over areas where no gravel 
is found. 

Ocean beaches are typically sand + and 
river deposits usually contain high propor¬ 
tions of it. If the river Rows slowly, the 
sand may be mixed with silt and day, which 
usually must be separated before use. 

Most sand is largely particles of silicon 
dioxide, best known in die form of quartz. 
It is very hard and wiihstands the abrasion 
of water working which reduces other min¬ 
erals occurring with it to fines. Calcium 
carbonate, mica, feldspar, gypsum, and 
many other minerals may also occur as 
sand. 

Many sand banks are dean enough for 
use without processing, but in most cases 
it is safer to screen and wash before using 
in concrete. 

Occurrence. Sand and gravel deposits 
occur In all parts of the world, and with 
special frequency on or near past or present 


shores, glaciers, and mountains. They may 
be thin, irregular deposits, or in heavy 
masses. In general, gravel is more variable 
than sand in size and type of particles, and 
thickness and shape of beds. 

Running water needs higher velocity to 
carry large pieces than small, and in gen¬ 
era L gravel is deposited nearer the source 
than sand, or at times of heavier stream 
flow. However, a stream which is building 
up a deposit, alternates bringing in ma¬ 
terials and cutting parts of it away. Chan¬ 
nels wander over the whole area. Oversize 
material beyond the capacity of the water 
to carry may be rolled long distances alone 
the bottom. Clay and silt may be deposited 
in temporary pools and cut off and stag¬ 
nant channels. 

The result of these factors is that gravel, 
sand* and day deposits are often extremely 
variable and uncertain. When this is the 
case, mining them requires constant good 
judgment in deciding which horizons should 
be combined and which separated; and 
what can be used and w hat must be wasted. 

Processing. Sand and grave! may be 
processed to dean out dirt; to separate into 
different sizes; to combine different sizes 
and materials; to remove or crush oversize 
stones; and for combinations of these pur¬ 
poses. - 

In variable formations, the primary 
processing h selection at the bank as dis¬ 
cussed under selective digging. 

The processing plant proper may consist 
of a washer, a screen, a crusher, or multi¬ 
ples or combinations of these units, to¬ 
gether with feed hopper, and transfer and 
discharge conveyors. These plants, avail¬ 
able In both mobile and portable types, arc 
described in Chapter 21. 

By the use of units of proper size, any 
desired reduction, combination, or separa¬ 
tion can be secured. It should be remem¬ 
bered, however, that no plant can produce 
a coarse product from fine particles. Defi¬ 
ciencies in gravel content must be made 
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gp by mixing in stone of proper size, or 
oversize up to the crusher capacity, in ad¬ 
dition to the run-of-pit material. 

Clay. Clay, like sand and gravel may be 
found in massive deposits or in irregular 
layers and lenses, it is often imerbedded or 
mixed with other materials in very complex 
ways. 

Underwater clay may be soft enough to 
be dug with a small dragline, or quite 
hard. Dry clay grades from hard shovel 
digging to shales requiring heavy blasting. 

Pit operators usually find it economical 
to loosen up dry clay with at least light 
blasting, to facilitate digging. Electric or 
gasoline driven augers are extensively used 
for drilling, and stow to standard dynamites 
for blasting. 

When valuable clay is in narrow and con¬ 
fused beds it is often blasted, then sepa¬ 
rated by hand into piles which are loaded 
by machine. 

LOADING OUT OF THE BANK 

Most primary pit excavation is in forma¬ 
tions deep enough to be loaded directly 
from the bank. The material may be in 
its natural state or loosened by blasting. 

Bank Height. In free flowing material, 
such as loose dry sand, the only limit to 
bank height is that imposed by safety. 
This will be discussed below. 

If a formation will stand in vertical or 
overhanging walls, and is dug from the 
bottom, the face should not be higher than 
the machine can reach. Half this height will 
usually be more convenient and give bet¬ 
ter production. For example, dipper shovels 
of two and a half yard capacity seem to do 
best when the bank is between twelve and 
fifteen feet high. 

Lower faces require more frequent 
moves. Higher ones require the bucket to 
travel farther with resultant loss of time. 

Types of Machinery. Loading machinery 
used for pit excavation can be roughly di¬ 


vided into tractor loaders, which depend 
on traction on the pit floor for digging 
power; revolving shovels with dipper, clam¬ 
shell, or skimmer from ends, which stand 
on the floor while working; revolving shov¬ 
els, with dragline, hoe, or clamshell rigs, 
which load from the top of the bank; 
scrapers and bulldozers which work down 
the bank slope; and remote control cable- 
way excavators* 

Selection of machinery will depend on 
the location and digging characteristics of 
the formations, the volume of output re¬ 
quired, the type and importance of other 
work that must be done by the same ma¬ 
chines, the type of haulage or conveyor 
units, and the price tags. 

Production Factors. Big machines are 
suited to hard and coarse formation and to 
high production requirements. 

Practically all excavators are available in 
different sizes. Production usually does not 
increase in direct proportion to power and 
weight, as the more massive construction 
of heavier units may require lower speeds, 
and space may be lacking for convenient 
operation, 

Manufacturers' data on output should 
not be accepted without careful study. 
Some firms deliberately underestimate pro¬ 
duction to avoid arguments; while others 
exaggerate it to make sales. Others base 
it on time-motion calculations, with little 
reference to field conditions. 

Production ratings based on loose yards, 
or on a sixty minute hour, will be higher 
than for bank yards, or a fifty minute hour. 

Also, there is room for honest difference 
of opinion about whether a formation is 
hard or soft, and conditions average or 
ideal. 

A rout’ll index to output can be obtained 
by timing a machine at work in various ma¬ 
terials. A stopwatch should be used and 
the results written down. I be cycle lime is 
the elapsed lime between a certain move¬ 
ment, as entering the bank, and the repe- 
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tit ion of that movement. Average number 
of cycles per minute, from a number of ob¬ 
servations, multiplied by the average bucket 
load in yards, will give the production rate 
in yards per minute in simple work such as 
sidecasEing, Extra passes made to trim the 
bottom, or to break out or avoid boulders, 
may be averaged in or considered sepa¬ 
rately. 

If the machine is loading, the loss of 
time in spotting trucks and trimming up 
their loads should be observed. 

Data for calculating production are in¬ 
cluded in Chapter 3, 

The figures obtained must be modified 
to allow for mechanical difficulties,, main¬ 
tenance, cigarette time, failure of trucks to 
keep up their schedule, blinding dusi t and 
inspection of bank materia]. These are often 
lumped together as one-sixth of operating 
time, so that each hour is figured to have 
only fifty working minutes. If the calcula¬ 
tion is to determine the number of days 
required to do a job, weather must be 
allowed for. This will include the time the 
job is shut down because of rain and re¬ 
sulting mud. 

Big machines can almost always dig hard 
material better than small ones of the same 
type* bur this factor is even harder to calcu¬ 
late. A rough index to penetration in mate¬ 
rial of even texture can be obtained by di¬ 
viding the force which can be applied to 
the bucket by the width of the edge* or 
the combined width of the teeth. The ex¬ 
tra resistance to the thicker teeth of the 
heavy bucket may be negligible in brittle 
formations and important in resilient ones. 

In poorly blasted rock, or boulder-filled 
banks, the gain in penetration is much 
greater, as nearly the full power is often 
applied in succession to points of greatest 
resistance, 

A wide bucket may be at a disadvantage 
because of inability to get between ob¬ 
stacles to attack them separately* or bene¬ 
fit from its capacity for large chunks. 


In any digging, sharp cutting edges are 
essential to best work. In hard formations, 
teeth of proper spacing will give better 
results than straight edges. 

Mobility is an important factor for ma¬ 
chines which may dig for short periods 
from a number of dilferent bank sections, 
or are used for loading from storage piles 
as well. Ability to do several types of work 
is liable to be useful, particularly m small 
pits. 

h is good practice, although not always 
essential, to match the size of loading and 
hauling units. If large shovels arc used with 
small trucks, time is wasted centering the 
bucket and material will be spilled off the 
sides. Truck tailgates may be jammed by 
oversize pieces and trucks damaged by 
impact If the trucks are too large for the 
shovel, they must spend too much time 
being loaded; the shovel may be unable to 
fill them from one stand, and high body 
walls may hamper it. 

Revolving shovels are usually teamed 
with trucks which will carry between five 
and ten bucket loads. Capacity is not as im¬ 
portant for tractor-loaders but body walls 
should be low enough to permit easy place¬ 
ment. 

Tractor Loader. Tractor loaders include 
crawler types, which can do moderately 
hard digging and heavy bulldozing, and 
units on rubber tired wheels, which gen¬ 
erally will dig only soft or loose material, 
and should operate on hard ground. The 
wheel units have smaller buckets for their 
power and weight and are usually cheaper 
to buy and to maintain. 

Crawler mounted loaders are easy 
enough to move around pits of moderate 
size, but the wheel mountings are superior 
in speed and cause less wear to themselves 
and to the roads while traveling. 

Four wheel drive loaders have digging 
power intermediate between the two types 
and have the mobility of the wheel mount¬ 
ings. 
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Fig, 10-19, Loading from bank with shovel 
dozer 

Three types of bucket are used: the hy¬ 
draulic dump, the gravity dump* and the 
overhead. Hydraulic dump is much superior 
to gravity for most uses and is slightly more 
costly. 

A good pattern digging vvith a dump 
bucket is shown in Figure 10-19. While 
these machines arc flexible and can dig 
under very awkward conditions, best pro¬ 
duction is obtained if both angle of turn 
and walking distance are kept to a mini¬ 
mum, Best height for non-caving banks is 
about level with the push arm hinges. 





iSfeD: 


Fig. 10-20, Loading from bank with over¬ 
head shovel 


Hydraulic dump buckets, when full trac- 
lOt width, can be used as bulldozer blades 
without any lost time for changeovcr. 
Teelh, if used, are generally not long 
enough to interfere seriously with grading 
work. 

The overhead or overshot shovel oper¬ 
ates best in a shuttle pattern, as in Figure 
10-20. This machine generally obtains 
higher production, with less wear, than the 
lum-and-dump types. It is easier to use 
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Fig, 10-21, Loading from hank with dipper shovel 


in soft pits that will be kicked up by turn¬ 
ing, and on which trucks have to be kept 
in certain paths. However, it is not as 
flexible as the other type and can be used 
as a dozer only with a full bucket, or after 
replacing the bucket front with a blade. 

Any tractor shovels can be conveniently 
used as prime movers for shifting heavy 
machinery and for starting or rescuing 
trucks. They are also handy for hoisting 
and carrying. 

Dipper Shovels. The dipper shovel is 
the standard tool for bank excavation. Al¬ 
though fastest loading is in soft material 
that will heap on the bucket* they can 
maintain good output in very hard or rough 
material They are more costly in propor¬ 
tion to capacity than the tractor loaders, 
but have lower repair requirements as the 
tracks do not move during the digging 
cycle. 

tn the smallest sizes, and when mounted 
on wheels in any size, they have good mo¬ 
bility. Medium and large sizes are generally 
not moved around for less than a day's 
work. 

They will dig from any graded floor that 
will support trucks. Best production in non¬ 
caving material is usually obtained when 


the bank is about as high as the shipper 
shaft (dipper stick hinge), 

A short arc of swing is important in 
getting maximum production. The bucket 
can usually be moved from break out po¬ 
sition at the bank, to correct height and dis¬ 
tance for dumping in a truck, during 3(T to 
45° of swing. Any longer swing required 
by truck position sJows the digging cycle. 

When a shovel is walked straight into 
a wide bank, the initial swing required is 
about sixty degrees. As the machine works 
in. the swing becomes longer, finally ap¬ 
proaching 18G n . See Figure 10-21, (A) 
to (C). 

If the shovel is walked parallel to the 
bank, as in (D) T trucks can be spotted 
ahead* at a slight angle to the bank, with 
a minimum swing of about 4Q® and a max¬ 
imum of 140°, If trucks are also placed 
behind, the maximum swing can be re¬ 
duced somewhat. As long as the shovel is 
kept slightly outside the toe line of the 
bank, as shown, it can do its own cleanup. 
However, production is increased if the 
shovel operator can dig roughly* depend¬ 
ing on another machine to smooth out the 
floor. 

If the shovel is kept deeper in the bank. 
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as in (E), a ridge will be left near the toe 
line, reach to load across it will be longer 
and a dozer will be needed. However, pro¬ 
duction from each stand will be greater, 
which in a low bank may be an important 
factor. 

When the pit floor is narrow, sandy, or 
wet, so that trucks must keep to beaten 
paths, the arrangement shown in (E) is 
the most efficient. The shovel works along 
the toe of the bank and the trucks run 
parallel to it, a few feel out. Only one 
truck can be spotted at a time, but it can 
be put in position much more rapidly than 
when backed in. 

In banks offering a danger of slides, the 
shovel should be worked straight in, as 
in (A), so as to be able to back out di¬ 
rectly if partly buried. Cuts should be kept 
shallow by frequent moves to different parts 
of the face. 

When a pit is being deepened to a soft 
bottom, and only dipper shovels are avail¬ 
able, the trucks may be loaded on the 
higher level, as in (I 7 ), However, the cut 
should not be so deep that the truck body 
side is as high as the shipper shaft, if waste 
time through excessive lift and crowd to 
dump is to be avoided. 

Skimmer. The skimmer shovel is not 
widely used because of lack of flexibility. 
It is particularly suited to shallow cuts, it 
easily works to grade and leaves a smooth 
surface. Methods are similar to those for 
the dipper type. 

Clamshell. The clamshell is so versatile 
that it is difficult to set up patterns for it. 
ft can stand at the foot of a fairly high 
bank and dig from the lop, or stand on 
the top and dig from the foot, or can work 
at any intermediate level. It digs straight 
down, gathering in its load, without push¬ 
ing or pulling the surplus. These features 
make it very valuable in selective digging. 

A live boom is required for flexible 
operation as most digging and dumping are 
done under the boom point. 


The clamshell is adapted to various types 
of digging by changing buckets or bucket 
plates. Heavy duty buckets of great weight 
and reduced capacity will dig very hard 
dirt and even soft rock. Rehandling buckets 
are larger, light, and often lack teeth. 
Medium duty or general purpose models 
are intermediate in weight and have teeth. 

The clamshell has a smaller output than 
other shovel rigs and is more often used in 
stock pile, rehandling, and hopper feeding 
than in primary digging. 

Dragline. The dragline is the best ma¬ 
chine for loading from the top of the bank 
if it can dig the material, Small draglines 
usually are quite helpless in tight or rocky 
soil, but very large ones will dig almost 
anything a ripper can penetrate. 

'Difficulty of penetration increases with 
depth. For deep work, the boom should be 
long and digging done well out. This mini¬ 
mizes the upward pull of the drag cable 
which decreases the effective weight of the 
bucket, 

A dragline can dig harder material from 
a face than it can cut vertically. If a wide 
ditch is started by other machinery, it can 
be continued back into the bank by a drag¬ 
line. If hard, it will tend to narrow down 
and become shallow. 

The most efficient arrangement for hard 
digging is that shown in Figure 10-22 (A). 
The machine works parallel to an existing 
cut and back from another one. The high 
wall is cut in the line of walk so that the 
bucket will not have to try to work down 
from the surface to keep a wider cut. 

(B) is the same pattern except that the 
bucket is thrown. 

(€} is suitable only for easy digging. 

A dragline’s reach enables it to stand 
well back from treacherous banks so that 
it can usually make deep cuts safely. 

The dragline toads best if it digs inside 
the boom point, at a medium depth, with 
a swing which takes no longer than the 
raisins; of the bucket, and the haul units 
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line 

arc on the pit floor beside the bucket. 

Throwing the bucket may add from ten 
to fifty percent to the cycle time^ since it 
usually requires that the bucket be pulled 
jn T swung out, then dragged in with a full 
load until it can be picked up. If digging 
is done close in, the bucket is simply 
dropped and raised as soon as it is filled. 


However, the extra reach is often more im¬ 
portant than the time consumed. 

Deep digging is slower because of the 
time required to reel in the additional hoist 
cable required. At usual hoist line speeds, 
an extra second is needed for each two 
and a half to three feet of depth. How¬ 
ever, if the swing is long and unobstructed, 
the time of raising the bucket may not 
affect the length of digging cycle. If trucks 
are in the pit, the bucket may be raised 
only a few feet, regardless of depth. 

If the dragline is not overloaded, it 
should have power enough to perform 
simultaneously the three functions of rais¬ 
ing and braking the bucket, and swinging 
without lugging down the engine. If the 
bucket is lifted to dumping position be¬ 
fore the swing is completed, it is the length 
of the swing which determines the load¬ 
ing speed. If the swing is delayed in order 
to raise the bucket, it is the hojst T and there¬ 
fore digging depth, which regulates it. 

Pull ShmeL The pull shovel or hoe has 
a shorter reach than the dragline and will 
dig harder material, It loads more slowly 
and should be higher than the truck. Height 
may be obtained by spotting the trucks on 
the pit floor, while the hoe works on top 
of the bank or by building up a platform 
for the shovel. 

If loading at its own level, trucks must 
be brought very close in. The dump is 
spread over a long strip so that it is most 
convenient to load the length of the body 
from the rear* However, there is the dan¬ 
ger that a broken cable would allow the 
bucket to sweep forward and demolish the 
cab r For this reason* many operators will 
load only from the side. 

Production can. often be increased by 
bigger lagging on the hoist drum, or by 
reducing the number of parts in the hoist 
line. A dump bottom or hydraulically con¬ 
trolled bucket will also speed up loading. 

Carrying Scrapers, Scrapers are not or¬ 
dinarily considered to be bank digging 
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Fig- 10-23. Loading from bank with scrapers 


tools, but under proper conditions they may 
give lowest cost on combined digging and 
hauling. 

The bank is first shaped to a slope that 
may be between ten and twenty-five percent 
if the machines are to climb it, and steeper 
if they reach the top by a haul road. Jt is 
desirable that the top of the bank be flat or 
have only a gentle grade to reduce the 
danger of tipping while turning. The scrap¬ 
ers are loaded by driving straight down the 
slope, which should be long enough to 
give them ample space to fill. Rooters and 
pushers should be used if required. 

The scraper then hauls the load away 
to dump into a hopper, build a storage pile. 


or deliver it to a job. On its return, it is 
driver up the bank, or a haul road, turned 
on the top and again loaded coming down. 
Tire cycle is illustrated in Figure 10-23. 
Semi-trailer machines may be backed up 
the slope if turn space is lacking. 

Rear dump scrapers are safer to turn on 
slopes and can conveniently dump into 
hoppers designed for trucks. 

Once the bank Is properly sloped, a 
single scraper may perform all the functions 
of digging, hauling, and storing without 
help from other machines or men. Such 
scrapers can also be used for digging in 
the pit floe*, building haul roads, and 
grading. 
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Fig. 10-24# Loading from bank with a bulldozer 


Bulldozer Bulldozers can load trucks 
from banks high enough to permit the ma¬ 
chine to push into or over the body. For 
occasional loads, this may be done direct 
from the bank, as in Figure 10-24 (A) to 

(D) . Considerable material is usually lost 
in building the bank out to the truck, and 
repeated loading cs tends the bank out into 
the pit r requiring a longer push with each 
load. The truck may get stuck in the spill, 

A retaining wall and platform, as in 

(E) and (F) p will eliminate this difficulty. 


Many other constructions are used. The 
platform should have steel strips or rails 
to keep the blade from digging into the 
timbers. These should be spaced so that 
the tracks will not have to walk on them. 
If they are raised above the wood, they 
will cause a dirt cushion to be built up 
which will protect the wood from the 
grousers. 

Dozer push loading is most effective in 
high banks with a slope steep enough to 
allow- pushing of large loads and which will 
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CAVING BANKS 


still allow the tractor to back up easily. 
Much steeper banks can be used in clay 
and hardpan than in loose sand or gravel 

Spoil can be pushed in the same man¬ 
ner into a hopper and conveyor, as in 
Figure 10-25 (A) and (B), When the ma¬ 
terial within efficient range is exhausted a 
trench may be made, the hopper moved 
back into it, and the conveyor extended. 
Mine-type conveyors with light sections are 
increasingly used in pits because of the 
ease with which they can be extended. 

Dozer loading from level ground. (C), is 
not good practice unless material is sup¬ 
plied by scrapers which cannot use the 
loading trap. 

Bulldozers are also used to push bank 
material within reach of excavators which 
are stopped by rock outcrops in the toe, 
and to keep high banks sloped to prevent 
undermining and caving. 

In “glory hole" excavation, which is usu¬ 
ally in rock, a tunnel is driven in from the 
toe and a connecting shaft run to the sur¬ 
face. Rock blasted from the sides of the 
shaft feed by gravity onto a conveyor, drag 
scraper, or cars, which haul it out of the 
tunnel. A bulldozer is not required until 
the pit has widened its slopes so that rock 
will no longer slide. 

Cable K.xcavalor. These machines am 
permanent or semi-permanent installations, 
which should have enough digging within 
reach to repay the investment. They usu¬ 
ally serve as haulage as well as digging 
equipment. 

The drag scraper is the easiest and safest 
means of digging a high bank which slides 
or caves. No equipment is needed near the 
toe, and only the light tail tower and an¬ 
chors at the crest. If the far side of the 
crest is accessible, steepness can be re¬ 
duced as digging progresses. 

If the spoil is to be moved a considerable 
distance across the pit from the toe, a 
three drum slacktinc may be used instead of 
the drag scraper. 



Fig. 10-25, Loading a hopper with a bull¬ 
dozer 

Dumping may be done into the process¬ 
ing plant Itself, into a conveyor of any 
length feeding the plant or through a hop¬ 
per into trucks. 

Digging can also be done on the level 
and in a pit so that one setting may be 
used to convert a hill into a hole. 

Ability to dig hard deposits increases 
with size in the same manner as in drag¬ 
lines. 

Bank Slides. Most materials will rest 
temporarily at a steeper slope than their 
natural angle of repose. Some sand and 
gravel may'stand in vertical or overhanging 
banks when freshly cut, but eventually fall 
or slide to slopes between one on one and 
one on two. 

The danger of undercutting high, non- 
cavine banks is obvious. It is less apparent 
when's bank caves and slides steadily when 
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Fig. 10-26. Benching from the top 


dug at the bottom, preserving a fairly uni¬ 
form slope. Such a formation may gradu¬ 
ally become too steep to be stable, without 
giving any indication of its condition. A 
change in moisture content, a blast, thun¬ 
der. or the dropping of a pebble may start 
a slump, which reduces the slope of the 
face by lowering the crest and advancing 
the toe into the pit. 

The danger from such slides increases 
rapidly with bank height and its steepness. 
In many cases, men have been tilled and 
machinery buried In them. 

Changes in moisture content affect both 
internal friction and weight, and either dry¬ 
ing out or becoming soaked may create or 
intensify unbalanced conditions. 

Aside from this danger, a high, sliding 
bank offers best possible dipper loading 
conditions because of the constant supply 
of fresh, loose material to the shovel which 
has to move forward only at long inter¬ 
vals. 

Damp clay will usually stand vertically 
when cut, but will slump or fall eventually. 
Vibration from passing machinery or 
nearby drilling is liable to break down its 
structure so that it will how. If the move¬ 
ment starts at the top, a dangerous collapse 
may be caused. 

A face of clay or silt exposed to alter¬ 
nate freezing and thawing or internal wa¬ 
ter pressure may liquefy and flow out on 



bottom 

the pit floor, eventually assuming a gradient 
as low as ten percent. This action is usually 
too slow to be dangerous, but should be 
allowed for in figuring clearances for haul 
roads or in parking machinery. 

High, steep rock walls should be checked 
for fissures running parallel to the face, 
which would allow sections to fall off. 
These are particularly dangerous if filled 
with dirt that might absorb water and 
exert a push. 

No high face of any kind should be 
undercut widely without adequate bracing. 

The safest way to dig high steep banks 
in general is with a drag scraper, Some¬ 
times a dragline with a very long light 
boom, and a back fitter, is used to pull the 
crest down to the excavators. 

On lower slopes, and on firm material, a 
dozer can be used. 

Benching. It is usually good practice to 
limit the height of shovel cuts by taking 
the materials in a scries of layers or benches, 

Two methods of benching a hill slope 
are described in Chapter 8. Pits are liable 
to take much larger areas and require many 
more benches. 
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BENCH AND LEVEL DIGGING 


Benching may be done from the top 
down, as in Figure 10-26, or from top and 
bottom, 2 $ in 10-27. 

A boundary cut is frequently carried 
down below ihc pit floor when the higher 
parts are exhausted. 

A large number of benches may be 
worked at the same time T or in rotation. 

Each bench should be large enough to 
provide ample space for shovel and trucks. 
If it is accessible at each end, one way 
traffic can be maintained and the need for 
turnaround space avoided. However, nar¬ 
row roads are often blocked by stalled 
vehicles, slides, rockfalEs, or overbreaks. 

If the bench is accessible from only one 
end, the shovel should work from that end 
so that the width of the new cut will be 
available to traffic. 

When layers are taken from the top 
down, sEarting at a hillcrest, or a back line 
which will stand steeply, the working area 
may be made about as wide as desired. The 
excavating done on the top widens the area 
available for the next cut. 

When cub are worked up from the 
bottom, width is largely determined by 
slope gradient and face height. If the slope 
is 45°, a foot of height is required for each 
foot of bench width. 

Top benching is preferred for steep 
slopes whenever immediate access can be 
had to the top. 

LEVEL DIGGING 

Material is frequently obtained by sink¬ 
ing the pit floor, or a part of it* in thin 
layers without developing a bank except 
at the boundaries of the excavation. The 
material may be piled before loading, in 
the same manner as topsoil, but it is usu¬ 
ally more convenient to dig directly, with 
carrying scrapers or cable excavators. 

Rooters may be used to loosen the 
ground for scrapers and for cable excava¬ 
tors except in wet digging. 

The wheeled scraper is more flexible in 


digging, can vary the dumping spot readily, 
and by change of the number and size of 
the machines can excavate at almost any 
rate desired. The machine may also be 
used in other pit work or outside jobs 
when the cut is idle. 

Under favorable conditions, the cable 
excavator can dig at less cost per yard. 
The fact that it is difficult to move is some¬ 
times in its favor as it will be there when 
needed. 

SURFACE WATER 

Rain, Rain will usually stop excavating 
and hauling operations, tn addition, it may 
soften stockpiles and turn pit floors and 
haul roads into swamps or ponds so that 
work may not be resumed for days or 
w r ceks* 

Some pits are in such porous soil that 
any volume of water will soak away 
quickly, and neither mud nor standing 
water will delay work more than a few 
hours. Others are in such dry climates that 
it is better to run a small risk of water delay 
than to spend the necessary thought, time, 
and money on arranging for drainage. The 
majority, however, are so situated that at 
least routine precautions should be taken 
to keep them usable. 

A first principle is to shape pit floors so 
that they will drain. In cutting into a hill, 
the floor should slope slightly upward to¬ 
ward the face so that water will flow away 
from this line of greatest activity. If this 
rear drainage is not practical, the slope 
may be made to the side or to channels or 
drains in the floor. 

If the pit is sunken, drainage can some¬ 
times be arranged into a deeper portion 
which will take it off the working floor and 
allow it to soak away gradually. This will 
often be a pond dug under the water table 
to supply the plant with water. 

If pumping is necessary, it should be 
done from a sump that will hold a large 
volume of water, and in which the pump 
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can be protected against being corned if 
heavy rain falls while the pit is shut down. 
Such a sump may serve as a storage reser¬ 
voir for plant supply. 

Runoff. A pit may be troubled by water 
running off surrounding areas, either during 
rains or in the form of permanent streams, 
which should be diverted around the work¬ 
ing areas, or channeled through them in 
such a way that it will cause minimum 
interference. 

The best practice is to dig diversion 
ditches to lead the flow in other directions. 
However. if the pit is expanding, these 
ditches will requite relocating and may cost 
more than they are worth. This is particu¬ 
larly likely if the ground is steep or rocky 
so that ditching is difficult. 

Abo, the water may be needed in the pit 
for plant or dredge supply. 

If the water flows only occasionally, ii 
can be led through the pit in wide shallow 
channels which can be crossed by machin¬ 
ery and trucks at any point. If it flows often 
or continuously, it should be in a ditch and 
taken through haul roads in pipes or on 
rock paved fords. 

GROUND WATER 

Layout, machinery, and methods in a 
pit may be affected by the water table, or 
level of ground water. 

This unseen water surface may be prac¬ 
tically level, evenly sloped, or irregular. 
The water generally appears to be stagnant, 
but it is almost always in slow motion and 
will slope down from the source to the out¬ 
let. The angle of this slope is the hydraulic 
gradient which is determined by the resist¬ 
ance of the material Eo the passage of water, 
the pressure and volume of the supply, and 
the relative heights of inlet and outlet. 

Porous materials, such as gravel and 
sand, have low gradients, and tight ones, 
such as silt or clay, steep ones. 

The water table tends to follow the slope 
of the bnd. but at reduced grades so that 


it will be further from the surface in hill¬ 
tops than in valleys. 

Above the true water table is the so- 
called capillary table which is kept wet by 
water rising in the spaces between soil par¬ 
ticles. The finer spaces cause greater rise 
in heavy soils than in porous ones. Capil¬ 
lary water gives comparatively little trouble 
in dean sand and gravel, but causes serious 
softening of other soils. 

Capillary water may come up higher 
when ground is compressed, as under a 
haul road. 

Underground water ranges in quality 
from line spring water to solutions of salt 
or chemicals unfit for any use, 

A shallow- pit may be kept well above 
the water (able, which is then of little inter¬ 
est except as a source of water for process¬ 
ing. A pit carried sideward into a hill may 
cut into the table and have drainage prob¬ 
lems of varying severity, A vertical cut will 
get in water eventually, except in arid di¬ 
males, or exceptionally tight formations. 

Surface water falling into a depressed pit 
as rain, or flowing into it from adjoining 
areas, must also be taken into account in 
coping with the ground water. 

Permanent plants and all year haul roads 
should be above the highest water levels. 

When it is necessary to use materials ly¬ 
ing at or under the water table, they may 
be obtained by wet digging, digging in dry 
seasons only, draining, pumping, and by 
combinations of these methods. 

Digging Under Water. Any machine 
which can dig from the top of a bank can 
dig under water to some extent. However* 
there are a number of special difficulties, in¬ 
cluding inability to see the work, weaker 
penetration because of decreased bucket 
weight and interference of water currents, 
loss of material carried out of the bucket by 
water, and sloppy condition of the spoiL 
Wet banks are also more liable to cave 
under a shovel 

Loose underwater material, such as sand, 
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h most efficiently dug with a clamshell, as 
ii is securely held in the bowl while being 
lifted. In more cohesive bottoms the drag¬ 
line is preferred because of its greater pro¬ 
duction, 

Hoes suffer maximum loss of load from 
water currents and often show poor pene¬ 
tration as well. Their reach is not adequate 
for most wet digging and they cannot dump 
sloppy spoil far enough away to keep from 
getting in it. 

Cable excavators, in proper material, can 
dig large pits to a great depth from a single 
mast position. The drag scraper will bring 
in better loads of fine loose material, and 
the slackline will dig deeper and is faster, 
particularly on long carries. 

If a lake or river borders a pit, or a large 
enough pond is dug in it, a hydraulic dredge 
can be trucked in, assembled, and floated. 
The largest dredges may be able to cut a 
hundred feet under water, but forty feet is 
the maximum depth usually recommended. 
The spoil is usually pumped through a pipe 
line direedy into a processing plant,, but 
storage piles can be built. It is also possible 
to put the plant on the same hull as the 
dredge and discharge processed material 
into barges or conveyors. 

The dredge can also enlarge the pond by 
undermining banks so that they cave within 
reach of its suction. High banks that do not 
slide should be lowered by land machin¬ 
ery to avoid danger of damaging the dredge 
when they come down. 

Unless the pond is very large, or has a 
large inflow of water, the dredge may de¬ 
pend on a prompt return of water pumped 
out with the spoil If the product does not 
contain many fines, water may be returned 
direct to the pond through a pipe or sluice. 
Fines can be filtered by allowing it lo drain 
back through gravel or sand, or by holding 
it a while in a settling basin. In either case 
a larger water supply may be required than 
for direct return. 

When the dredge has cut the working 


area to the maximum depth allowed by its 
ladder, it may be possible to reach further 
supplies by lowering the pond level. This 
may be done by partial drainage, by divert¬ 
ing the waste water from the plant into 
other drainage ways* or by combining diver¬ 
sion with pumping. 

If the material is soft enough not to re¬ 
quire cutting, suction pipes can be extended 
below the ladder to the desired depth, but 
recovery will probably not be complete. 

Care should be taken not to locate 
sunken and wet pits where they will inter¬ 
fere w p ith the orderly development of higher 
layers. It should be remembered that drain¬ 
age through a bank may cause it to settle to 
a very gradual slope, which might run it 
much further back into the pit floor than 
was intended. This type of spreading is par¬ 
ticularly apt to occur when the pond is 
used as a water source, and waste water 
returned by being allowed to soak into the 
ground. 

Drainage. The costs of wet digging arc 
generally higher than doing the same work 
dry. If the ground surface slopes down far 
enough in the vicinity of the pit, it may be 
more economical to undertake even a large 
drainage project than to dig wet or to 
pump. 

Draining is particularly feasible when 
spoil from an open cut ditch is of the same 
type as that which is being mined in the pit, 

Where possible, provision In the original 
work should be made to drain to the full 
depth of the outlet or of the deposit. This 
may involve a very wide lop cut, stable side 
slopes, and trucking out of spoil. If the spoil 
cannot be used, trenching, installing of 
drain pipe, and backfilling may be more 
economical 

Sometimes it is practical to run a tunnel, 
or one or more drilled holes, from the low r 
spot into the edge of the pit area where a 
connecting surface shaft can be sunk. Each 
level can then be connected in turn to drain 
into the shaft. Precautions must be taken 
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against the entry of dirt or trash that might 
block the tunnels. 

Sand and gravel will generally drain into 
either a shaft or trench with little further 
attention but other deposits may require 
trenching of various types. The problems 
are similar lo those involved in digging and 
draining a large cellar, and are discussed in 
Chapters 4 and 5. 

When a side hill cut gets into water, a 
curtain drain may he required at the toe 
of the bank to avoid damage to the floor 
from seepage or flowing water, 

A high water table may be supported by 
an impervious layer separating it from well 
drained formation^ as in Figure 10-28. 
Such a perched water tabic can be drained 
by drilling or digging into the porous layer 
below. 

Surface ponds on sand or gravel deposits 
will often drain if the silt layer on ihe 
bottom is opened. A few sticks of dynamite 
exploded on the pond floor* or a shallow 
dragline cut, may do the work. 

Pumping. When drainage is not practi¬ 
cal, water may be removed by pumping. 
This may be the preferred method if the 
water can be used in the processing plant, 
then discharged outside the pit. 

Pit pumping follows the practices de¬ 


scribed in Chapters 5 and 6. It usually 
consists of removing open water standing 
against or over the deposit being dug. A 
small sump is generally made by digging 
part of the hole deeper and the suction 
hose placed in that. 

Success in pumping depends on the rela¬ 
tion between the volume of water in the 
hole and the rate of inflow, and the capacity 
of the pump or pumps. Costs per gallon are 
usually smaller, and work can be started 
or resumed more promptly if the pumps are 
oversize and can handle many times the 
volume of inflow, so that a large part of 
their capacity can be used to lower the open 
water. 

Extensive gravel layers may contain bil¬ 
lions of gallons of water over areas of many 
square miles which will drain into the sump. 
If no rain falls, the rate of flow gradually 
declines as the continued drainage flattens 
the hydraulic gradient, but this situation 
requires handling so much water that ex¬ 
penses are usually too high. 

If the gravel is of limited depth, much 
of the inflow might be sealed by cement 
grout forced down into the gravel at pit 
boundaries, or where flow channels are 
suspected. Pumping should be stopped be¬ 
fore and during the grouting. 
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Fig. 10-28. Perched water table 


10-36 










ZONING REGULATIONS 


In grave! formations of limited size, and 
in tight materials such as clay and peat, the 
original rate of inflow usually declines rap¬ 
idly, and the underground reservoir may be 
exhausted so that inflow will stop until it 
rains. 

Each time a wet pit is enlarged by work¬ 
ing, the pumping job of re-opening it be¬ 
comes greater because of the increased pond 
volume. 

Pumping should be done in dry seasons 
when the water is lowest and interruption 
from rain least likely. In general, it is better 
praciice to pump out, dig a large volume as 
quickly as possible, and allow to refill than 
to maintain pumping and a slow digging 
rate over a long period. This is particularly 
true in the porous, quick filling formations. 

Both surface and underground water are 
sometimes removed by pumping out of 
deep wells drilled in the pit floor or near 
its boundaries. This method is particularly 
suited to plant supply. 

PIT PLANNING 

Pits may be opened casually by digging 
in a roadside bank, or large sums may be 
spent on investigations, plans, road build¬ 
ing, and site preparation, before work is 
started. Most of them start with small 
equipment and output and increase in scale 
if they prosper. 

If a contractor can dig in his own land, 
or on a fixed price per yard basis elsewhere, 
and no access road is required, no investi¬ 
gation of the deposit may be necessary. 

On the other hand, if a large scale opera¬ 
tion is planned involving plant and other 
equipment bought specially, the building 
of haul roads, clearing and stripping, or if 
the deposit is of such value that every yard 
must be removed, the formation should 
be carefully investigated for extent, quality, 
accessibility, and water conditions. An op¬ 
tion to buy or to develop should be secured 
before this Investigation. 

Zoning, In many areas, zoning regula¬ 


tions absolutely prohibit opening a pit as 
such. Frequently, however, if it can be 
shown that the land will be improved by 
the work, other types of permits can be 
obtained which will allow limited or com¬ 
plete operations. 

Favorable conditions include deep road 
cuts through hills and the removal of under¬ 
water deposits to make a lake. Other proj¬ 
ects include taking away ridges that block 
view or drainage, or leveling of land for 
residential or industrial development. 

Sometimes a community will re zone an 
area for the purpose of preventing the 
opening or expanding of a pit. If the de¬ 
veloper has purchased the land for the 
specific purpose of mining it, he has a fair 
case against the legality of such a move. 
If he has already started work, such zoning 
would probably not be enforceable against 
the urea being dug, but would limit expan¬ 
sion. 

It is probable that restriction of mining 
has been carried too far in many areas. 
Where acute shortages of sand and gravel 
exist, there ure sometimes millions of yards 
of these materials made permanently inac¬ 
cessible by reserving the land for houses 
which could just as well be built on the pit 
door after digging. 

On the other hand, there is no question 
but what a pit in a residential community 
is a dust, noise, and traffic nuisance, and is 
all too often an eyesore as well, A pit 
operator who takes care that no machinery 
is operated without mufflers, or on Sunday; 
that calcium chloride or oil is used freely 
to keep down dust; that the floors and 
banks are kept trimmed and reasonably 
neat, and that finished areas are promptly 
topsoilcd and planted, will encounter mini¬ 
mum resistance to expansion or to opening 
other pits in the vicinity. 

Wherever possible, operations should be 
screened from the public view by leaving or 
planting trees and shrubs, or by natural or 
artificial ridges covered with vegetation. 
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Permits In areas which are not zoned 
against digging, it still may be necessary to 
get both state and local permits to operate, 
and to put op bonds to guarantee that the 
area will be smoothed and planted after¬ 
ward. 

Heavy fines may be imposed for any 
failure to abide by such regulations. 

Investigation* The only certain way of 
finding exactly what is underground is to 
dig it out. However, test boring or digging, 
mapping of surface indications, study of 
other pits in the same formation, consulta¬ 
tion with geologists, and talks with local old 
timers may give an adequate picture of 
conditions. 

Test boring includes making shallow 
holes with a hand auger, and sinking deep 
holes with auger, well drill, or core drill 
equipment. Augers generally give an ac¬ 
curate picture of formations they can pene¬ 
trate, except that they may mix spoil from 
adjoining layers to a confusing extent. 

Well drills pound everything they meet 
to sand or chips, and because of the churn¬ 
ing action of the water, will erode loose for¬ 
mations around the hole, and mix their 
debris with that produced by the bit. Con¬ 
siderable skill is required to interpret these 
wash borings and results are sometimes 
uncertain. 

Wash borings may also be made by 
diamond drills, using a solid instead of a 
coring bit. The hole is usually smaller and 
can be sunk faster, but the same criticisms 
apply- 

Core drills will not always pick up loose 
material satisfactorily, but will produce ex¬ 
cellent and reliable samples of rock. 

If the soil does not cave, quite deep 
shafts can be dug by a clamshell of suffi¬ 
cient bucket weight. Information should be 
obtained from the spoil, or the use of mir¬ 
rors in the shaft, as the possibility of col¬ 
lapse makes it unsafe to go down to take a 
look unless heavy shoring is installed. 

Any hole or shaft should eventually indi¬ 


cate the water level. In porous soils this 
takes a few minutes, in tight ones as much 
as a month. If a record of the seasonal rise 
and fall of the water is to be kept, the hole 
should be lined with perforated casing, 
unless it is in rock. 

Market Analysis, The next step is to fig¬ 
ure the extent and durability of the market 
for the products to be mined, and the like¬ 
lihood of competition from similar projects, 
or from small workings with Jess overhead. 

If the total consumption of the products 
within shipping range is small, investment 
in a big plant would be inadvisable unless 
new outlets could be opened by lower 
prices, superior quality, or building of con¬ 
sumer plants. If the demand is large, but is 
already adequately supplied, the question 
will be whether the new pit can supply 
better material or service, or cut prices, or 
create additional demand. The efficiency of 
existing pits and the extent of their reserves 
should be studied. 

If the potential market is large, and the 
supply limited, the question of future com¬ 
petition will depend on the availability of 
similar material to others, and whether the 
intended plant will retain its relative effi¬ 
ciency long enough to repay its cost. 

The amount of processing required to fit 
sand or gravel to specifications of highway 
departments and other wholesale users may 
be an important factor in costs. 

Capital, A contractor already operating 
in other lines may not need to make any 
extra investment in a pit until business is 
brisk enough to justify it. In general* how¬ 
ever, the mini mum capital required con¬ 
sists of down payments on machinery and 
land or digging rights, and money to carry 
payroll, operating expenses, and install¬ 
ments until there is income to take care of 
Them, 

If the pit must build up its market gradu¬ 
ally, or if the demand is seasonal so that 
stock piles are accumulated throughout the 
year, to be sold during a short period, sub- 
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slant tal capital will be needed to carry 
through the slack periods. 

The necessity of selling on credit so that 
short to long periods elapse between load¬ 
ing the material and getting the money, will 
sometimes tie tip more capital than all the 
other investments combined. This problem 
is discussed in the next chapter. 

The risks of pit operation, as of any busi¬ 
ness venture, arc greatly increased by a lack 
of surplus funds or borrowing capacity re¬ 
served for emergencies. 

Setting Without Loading. A pit may be 
opened or operated without capital by the 
owner of the land or digging rights, by sell¬ 
ing material hh in the bank-' to customer* who 
will dig it themselves Such arrangements 
are usually based on a price per yard, 
measured either in the bank or in the 
trucks. Occasionally, a certain portion of 
the deposit is marked off and sold, or the 
buyer may be allowed to dig all he needs 
for a certain job, for a lump sum. 

A customer taking a substantial amount 
is usually expected to do his own stripping 
of overburden, keeping his section of the 
pit orderly and doing any required pushing 
back of topsoil after completion 

Sales of bank yards involve measuring 
the ground surface before and after their 
removal. This is usually done by surveyors, 
who work out a grid or a series of profiles. 
The original measurement may be fairly 
expensive. Later ones are much cheaper 
if the bench and location marks have not 
been disturbed. This method is best 
adapted to large yardages. 

Occasionally, such measurements arc 
made at the fill site rather than the pit. 

Sale by truck yards usually involves 
measuring the trucks and counting the 
loads. Unless the rate of excavation is very 
rapid, it is apt to be impractical to assign 
a man as a counter, ti is common practice 
to measure the trucks first, agree as to how 
much of a heap is to be carried and how 
much of it paid for, and then depend on 


the buyer's records, or end of day checks 
with the shovel and truck operators. The 
seller is then exposed to being gypped, but 
he may lose less than he would spend meas¬ 
uring the bank or hiring a checker. 

A bank yard has more material in it than 
a loose yard because of swell, A price of 
forty cents in the ground may be equivalent 
to fifty cents in an accurately measured and 
charged truck. If the same price can be ob¬ 
tained either way, the extra yield from the 
bank measurement should soon repay the 
cost of a survey. 

There is sometimes a question as to 
the accuracy of measurement* but on the 
whole, sales by bank yards or pit section 
require minimum bookkeeping and fuss, 
and are productive of fewer misunderstand¬ 
ings than either loose yards or material-for- 
job arrangements. 

It is often necessary to limit a buyer to 
a small area so that he will not wander 
around picking out pockets of especially 
good material, making unsightly holes, and 
leaving sub-standard remainders. 

Working Space, A pit which sells direct 
from bank to customer may require only 
enough working space to back in a truck. 
However, it is usually desirable to have a 
flat area in which to park idle machinery, 
to pile topsoil or other good material not 
immediately salable, and to place boulders 
and stumps until they can be disposed of. 

IF a crushing, screening, or other proc¬ 
essing plant is used, space requirements are 
greatly increased. It is unusual to be able 
to sell products in the same proportions in 
which they are produced. There is usually 
a surplus of one or more grades that must 
be stored for future sale. 

Since it is often easier to ship direct from 
the plants than to reclaim from storage, 
piles may grow when demand for their par¬ 
ticular item is weak, and remain untouched 
when demand is good. This may result in 
steadily increasing storage requirements as 
the pit is enlarged. 
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Fig. 10-29. Pit patterns 


If a pit is started in a small way and pre¬ 
serves a more or less level floor while being 
dug into a hillside, storage area may in¬ 
crease automatically with requirements. 
But if a big operation is to be started full 
scale, level land outside the pit area must 
be obtained or built up with waste over¬ 
burden. 

If the pit is to be sunk vertically, its area 
is not suitable for either plant or storage. 
The theoretical turnover of stock piles may 
be such that the material would be re¬ 
claimed before it woutd have to be removed 
ahead of the digging, but this is liable not 
to work out in practice. 

The plant is almost always located at or 
near the original ground level, and hauling 
products down to any of the cut benches 


tor storage, and back out to sell, would be 
uneconomical. This type of pit will require 
storage space outside of the digging area 
which is best provided at the beginning of 
the work. 

Excavating Patterns. Hill pits may be 
opened by a straight cut in or by benching. 
After reduction to the level of the surround¬ 
ing land they are dug as sunken pits. 

Subsurface workings, called sunken or 
dig-down pits, may be opened with shovels 
and ramps, or by dragline or hoe work from 
the top, in much the manner of a haul away 
cellar excavation. The circular pattern 
shown in Figure ] 0-29 < A), and (B), is also 
widely used, both for subsurface and slopes 
with gentle gradients. 

Draglines can take gentle slopes in a 
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scries of benches, as in (C). It is necessary 
to level a strip for walking as accurate load¬ 
ing with a dragline is difficult if it is on a 
slant. 

Plant Location. A permanent or semi¬ 
permanent plant should be ns dose to the 
digging as it can without being in danger 
from blasting and slides. If the pit is wide, 
or includes many sections, the plant should 
be near the center, or the side which pro¬ 
duces the greatest yardage. 

Dig-down pits may supply the plant by 
means of ramps and trucks, trucks with 
cable assists, vertical bucket conveyors, 
clamshells, or elevators. If supply is verti¬ 
cal, the plant should be located on the pit 
edge, or as near to It as firm footing can 
be found, This method is ordinarily used 
only in rock pits, but not all rock will sup¬ 
port a factory on the edge of a cliff. 

tf the spoil is trucked up, it is best to 
locate the plant well back from the pit to 
allow for ramps, storage, and room for 
expansion. 

PROCESSING PLANTS 

This heading includes screens, crushers, 
and washers with their feeding and dis¬ 
charge mechanisms. These units will be 
described in Chapter 21, and are discussed 
here only in their relations to pit layout and 
other operations. 

Purtabk Plants. The simplest screening 
equipment is that described earlier in con¬ 
nection with topsoil, These pickup or skid 
grizzlies can be used wherever a shovel can 
work, but require ramps if they are to be 
used with tractor loaders, Their product 
is not welt graded as narrow oversize pieces 
pass through readily. 

Mobile plants having screening, usually 
crushing, and occasionally washing, equip¬ 
ment mounted on one or more wheeled 
trailers, require from a few minutes to sev¬ 
eral hours to move up to a bank and start 
work. Short moves in the pit require Jess 
down time than highway transportation as 


conveyors and other projecting parts need 
not be removed or folded in. 

One of these units is usually able to 
eliminate primary hauling or to reduce it 
to a single truck shuttle, or a short con¬ 
veyor. For direct loading from a low bank, 
particularly by a short-range excavator, it 
may be desirable to keep a tractor con¬ 
stantly on hand to move it up. 

The use of portable units allows almost 
as much flexibility as in direct-from-thc- 
bank selling. However, highway require¬ 
ments keep their maximum size and weight 
below that required for many jobs; and the 
necessity of packing everything neatly in 
minimium space causes them to be harder 
to service than fixed plants of the same 
capacity, 

They can often be used profitably for 
handling the more distant banks, or for 
filling special orders, in a pit that has a 
fixed plant. They may also be used for 
outside jobs or subsidiary pits. Hauling is 
a major cost factor in gravel and crushed 
rock, and the ability to open and process 
banks near the job may be valuable. 

A mobile screener and crusher will re¬ 
duce the risk involved in opening a new 
pit. Although not very readily disposed of, 
they are more or less standardized, and if 
found to be of the wrong size and type, can 
be sold or turned in, with a far smaller loss 
than a fixed plant. 

Also, the use of one or more of these 
units may permit the pit to be developed 
until adequate space is dug for a fixed 
plant. If the pit is in a hillside, with steadily 
increasing bank height, getting the perma¬ 
nent plant well back in it will result in 
cheaper primary hauling over the whole 
job. 

Fixed Plants. A fixed plant should be the 
right type for the material to be processed; 
it must be large enough for the job and 
within the capital budget. The first con¬ 
sideration is generally the most important, 
for if business is good, the plant can be 
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expanded although at relatively higher cost; 
and exceeding a budget may be less damag¬ 
ing than getting the wrong equipment. 

Plant manufacturers are ready to supply 
good engineering advice on every aspect 
of plant layout. It is a sound plan to get 
at least general recommendations from two 
or more companies, and to compare their 
findings w ith local practice. Even with these 
precautions, no person without a good 
working knowledge of the business should 
make a heavy investment in machinery 
from catalogs. 

Wherever a fixed plant is placed, the cost 
of hauling to it will increase as the digging 
progresses, whether laterally, downward, or 
both. 

Taking down, moving, and setting up a 
permanent plant is usually a tedious and 
expensive job, particularly if it is a large 
size. Even if it is of prefabricated> knock¬ 
down construction; rust, wear, and patch¬ 
ing may make it hard to handle and foun¬ 
dations are generally left behind. Many 
millwrights consider it best to salvage only 
the operating units, and to order or build 
new frames to carry them. 

It is usually sound policy to charge the 
entire cost of such a plant against the mate¬ 
rial that can be handled at its original loca¬ 
tion. If the pit area is definitely limited by 
property boundaries, zoning restrictions, or 
change of ground, and the depth of the 
deposit is known, the yardage can be calcu¬ 
lated. It is best to make a liberal allowance 
for occurrence of unexpected masses of 
unusable material. 

HAULING 

Pit hauling includes the movement of 
material from the bank to the plant or to 
storage, and between the plant and storage 
in both directions, it also involves delivery 
from these three locations to the job. al¬ 
though a variable amount of the product 
may be hauled from the pit in the custom¬ 
ers" trucks. 


The principal hauling units for pit use 
are trucks, including semi and full trailers, 
and conveyor belts. Railroad freight trains, 
of either narrow or full gauge, are used in 
big pits, the latter particularly in taking raw 
material from banks to a distant market. 
Digging units such as scrapers and cable 
excavators may also do a substantial 
amount of hauling. 

Conveyor belts and cable excavators 
and. to a smaller extent, scrapers, are 
largely confined to work inside pits. Trucks 
arc equally adapted to inside hauling and 
outside delivery. On very long hauls,, heavy 
materials are more economically moved by 
standard gauge rail. 

Conveyor belts may be considered either 
hauling units or part of the plant itself. 
They move and elevate material with mini¬ 
mum effort, but are usually difficult to set 
up and to relocate. They may be used 
instead of haul roads and trucks for de¬ 
livery of a heavy volume of material to a 
single point many miles away. 

Trucks are excellent flexible, general 
purpose units. They are available in a 
wide range of standard sizes and can be 
adapted to different size loaders or produc¬ 
tion schedules by varying the number on 
the run. 

Cable excavators require a large yardage 
within reach to justify setting up. They can 
also be used in storage yards to pile, re¬ 
claim, and feed. 

Scrapers, to operate as such, need 
ground they can dig and hoppers which 
they can drive across, or storage areas giv¬ 
ing them room to maneuver. Banks which 
they cannot dig can be loaded into them. 
However, scrapers are more costly and are 
usually slower than dump trucks of the 
same size, so it is not good practice to use 
them steadily under shovels. 

A scraper can dump beside a sunken 
hopper which is kept filled by a dozer. 

Truck hauls may be kept short by adding 
conveyor belts to the plant. The new belt 
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Fig, 10-30. Selective digging 

will dump on the receiving end of the previ¬ 
ous belt. Such installations may be quite 
long and are justified whenever consider¬ 
able yardage will be handied. 

Hoppers which are built so that the truck 
can drive straight across, instead of back¬ 
ing to dump, are more expensive to con¬ 
struct but will allow a faster track cycle. 
Such hoppers can also be used for scrapers, 

SELECTIVE DIGGING 

Selective digging may be done to sepa¬ 
rate, at the face, two or more materials of 
value and to remove them; to remove one 
or more formations, leaving unwanted ma¬ 
terial; or to dig two or more materials so as 
to combine them. 

Any or all of the spoil from these opera¬ 
tions may be hauled away or sidccast. 

Layers* If the different formations are 
in vertical sheets, as in Figure 10-30 (A)* 
any machine which is accurate enough to 
work the narrowest vein can be used. If 
they lie horizontally, as in (B), any exca¬ 
vator can move them if they can be cut as 
separate banks. If they are horizontal, and 
two or more must be removed at once, the 


excavator should be able to work from the 
top down. If divisions run in several direc¬ 
tions, and separation must be exact, a clam¬ 
shell, with assistance from hand labor, is 
probably required. 

When horizontal layers are separated by 
a dragline, as in <C), it should have a 
boom at least twice as long as the bank is 
high. The boom angle should be low and 
the dump cable short to make possible 
picking up the bucket at a distance. 

A clamshell can do the same work with 
a shorter boom as no allowance need be 
made for space to drag the load. 

Inclined strata fall into any of the above 
classes. In genera \ t it is bad practice to re¬ 
move enough of any layer to leave the one 
above it overhanging. 

Selective digging is quite commonly re¬ 
quired in stripping overburden, and in 
gravel and clay pits. The operator may 
have the responsibility of choosing the sec¬ 
tion of bank most suitable to plant or cus¬ 
tomer requirements, and supplying defi¬ 
ciencies by mixing different sections or 
layers. 

Mixing- A good way to mix at the bank 
is to build a stockpile by dumping the 
several materials on one spot. A conical 
pile will be built, with each bucket load 
seporating and sliding down the sides- A 
succession of very thin layers will be made 
which, upon redigging to load* should mix 
together quite smoothly. 

Such a pile will tend to concentrate 
round or coarse pieces at die bottom, but 
these will be remixed in handling by a ma¬ 
chine working from the bottom. 

Mixing is also done directly at the bank 
by digging from one formation, dumping 
on another, then loading the two together. 

If the layers are horizontal, digging in 
slices from the bottom up will mix them. 
Scrapers may bring to the top of the 
bank material to be mixed into it by load¬ 
ings 

Pockeis. When an irregular deposit, with 
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sloped or vertical edges and numerous 
interruptions, is dug from the bottom, a 
cluttered pit is Left. Ail parts of it are acces¬ 
sible to digging equipment and trucks, but 
there may be little room to maneuver and 
none for storage. If the digging is done from 
the top, the area may become a badlands, 
with Jiitte or no access and probably defi¬ 
cient drainage. 

Such areas should be dug out, or 
smoothed down, at the first opportunity, 
particularly if any further work is to be 
done behind or under them. Many pits have 
strangled themselves out of business while 
they had ample reserves because leaving 
obstacles to orderly digging has forced hap¬ 
hazard development with increasing exca¬ 
vation and hauling costs. 

Cutting a pit floor by pursuing a good 
vein across it is a bad practice which it is 
sometimes difficult to avoid. In general, it 
should not be done unless its value is suf¬ 
ficient to cover the cost of backfilling. If 
floor and walls of the cut are smoothed off, 
it may be filled with material to be stored 
which can be recovered when the whole 
floor is lowered. If no further digging is to 
be done in the floor, the slot can be filled 
with waste of a type which will not become 
too soft to carry pit traffic. 

Cuts down from a floor, whether pockets 
or the start of new levels, should be near 
the outer edges of the pit. 

Boulders, A common problem in pits 
which are dug without blasting is the occur¬ 
rence of boulders too large for the loading 
or processing machinery. These arc found 
in glacial and stream deposits, in disinte¬ 
grated rock, and near steep slopes. 

In pits selling only direct from the bank, 
there is no convenient way of utilizing 
boulders or of disposing of them, Blasting 
will reduce them to a size which can be 
loaded, but the market for coarse rock is 
so limited that they may have to be sold 
as second grade fill, or wasted. The pit 
operator wiil generally prefer to allow them 


to accumulate along the bank, or will have 
holes dug to bury them. Occasionally, an 
abandoned pit is close and deep enough to 
permit disposal by pushing them over the 
edge. 

If allowed to remain where they fell out 
of the bank, or pushed into occasional 
piles, they will present obstacles to orderly 
development similar to those left by pocket 
digging. In general, the nuisance value in¬ 
creases with the size of the pieces, relative 
to die power of the dozer which must 
handle them. 

It is occasionally possible to sell boulders 
for use in jetties or breakwaters, at a price 
high enough to justify hiring a machine big 
enough to load them. 

STOCKPILING 

Stockpiling is most efficiently done on 
hard, flat, dear areas. Dumping may be 
done on the flat, off piles, or from side 
banks. The location should be convenient 
to the face, the plant, and the market, the 
relative importance varying with die use 
of the material. 

I rucks. If available space is very large 
compared with the bulk to be stored, trucks 
may dump piles against each other, as 
closely as possible, without further grading 
or heaping. Large trucks make high piles 
and place maximum yardage in an area. 

I his method takes a lot of space, forms 
a bank too low for efficient loading by 
many machines, and causes maximum dan¬ 
ger of mixing the stored material with the 
floor. 

If packing by trucks will not cause dam¬ 
age, such a piled area may be smoothed off 
by a dozer, and one or more additional 
layers added. Factors limiting the maximum 
height are the slope in from the edges and 
the more gradual grade for the truck ramp, 
which steadily cut in on the area available 
at the bottom. 

Figure 10-31 illustrates the building of 
a stockpile by backing trucks up on the 
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Fig. 10-31. Truck-and-dozer stockpile 

dump and building it up in layers. Ramp 
grade should not be so steep as to strain 
the trucks or to prevent them from dumping 
cleanly. 


At any time, the building of the top can 
be discontinued, and loads dumped off the 
end. The trucks are then usually driven up 
forward and turned on the pile. 

These two methods can be alternated so 
that both height and area can be increased 
to the limits of the space available. 

Figure 10-32 illustrates the building of 
a pile by the use of a spiral ramp. This is 
started as a narrow, back-up pile which is 
spread on the outside far enough to pro¬ 
tect the road front caving, and well past the 
center on the inside. The road, steadily ris¬ 
ing, is turned and comes back on the far 
side, parallel with the first section, but 
above it. Material is still dumped far 
enough to the outside to protect the road, 
and on the inside until its toe approaches 
the first part of the road. The road is then 
brought around again, as many times as 
pile area will permit. The storage area de¬ 
creases rapidly with height. 

Digging from any part of this pile will 
undermine the road and make the top inac¬ 
cessible until it is rebuilt. 

The pile may be extended by dumping 
off the road. 

If the material is somewhat too soft or 
loose to support trucks, the road may be 
strengthened by the use of wire mats, or 







Fig. 10-32. Spiral stockpile 
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Fig, 10-33, Dozer stockpile 


small quantities of screenings or other bind¬ 
ers, if their use will not spoil the value of 
the stockpile. 

Very loose material such as sand or 
round gravel should be stacked by a drag 
scraper, bulldozer, or clamshell. 

Stockpiles may also be built by dumping 
off a bank. 

Dozers, Dozers are necessary to the 
truck piling methods described. They can 
also be used to make heaps of dumped 
material without having trucks climb up 
on them. 

If enough trucks are running to keep it 
busy, the dozer may push each pile up as 
it is dumped, as in Figure 10-33, (A) to 
(E). The volume the dozer can handle de¬ 
creases as the height of the pile increases. 


If the trucking is slow or irregular, 
dumping may be done closely over an area, 
and dozer heaping done now and then, as 
in (F) to (I). If the stockpile can be made 
into a windrow, and the dumping kept close 
to it, the operation is almost as efficient as 
immediate heaping, allows ihc use of the 
dozer on other jobs, and makes hauling and 
piling work largely independent of each 
other. 

The dozer heaps up stockpiles rapidly, 
is entirely flexible in placing them, or vary¬ 
ing their size or shape, and can be used for 
a variety of other work. However, it must 
move its entire weight up the pile with each 
load, has constantly working tracks which 
may be subject to severe wear in sand or 
other abrasive piles, and may pack or crush 
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soft materials so as to reduce their value. 
The four wheel drive, rubber tired dozer 
does not exert as much push, particularly 
if the footing is loose* but does minimum 
crushing damage. Tire wear is slow in sand 
but may be rapid in crushed rock. Facking 
is more severe. 

Shovel dozers can heap piles, and can 
also separate, carry, and load Wheel types 
are frequently used to reclaim to hoppers. 
Clamshell. The clamshell is commonly 
used for building stock piles from shallow 
dumps, barges, and cars. A light rehandling 
bucket, with toothless lips, is used for loose 
material on a floor. 

It can be used at the same time for load¬ 
ing trucks from either the dump or the 
stockpile. It often alternates hopper loading 
from the stockpile with the heaping work. 

It is flexible in regard to placement and 
shape of piles, although not as much so as 
the dozer. It does not crush or pack, 

Drag Scraper. If the storage location is 
fairly permanent, it may be more economi¬ 
cal to heap up the truck dump with a drag 
scraper than with the trucks and bulldozer. 
The mast should be high enough to allow 
for piling the maximum amount to be 
stored* and the tail tower should be readily 
moved so that a wide area can be utilized. 

The drag scraper may also be fixed to re¬ 
claim the material with a reversed bucket, 
and dump it into a hopper from which it 
is conveyed inio the plant, dump bins, or 
directly into trucks. 

If several classes of material are to be 
handled, both head and tail towers may be 
mobile, 

A scraper installation does not have the 
flexibility of dozers and is not available for 
other work. However* it is very efficient in 
that only the weight of the bucket needs to 
be pulled up with the load, it does not pack 
or crush the pile, and only the bucket is 
subject to abrasive wear. 

Carrying Scraper. The rear dump scraper 
builds a pile in about the same manner as a 


truck. It can operate on a steeper ramp and 
in much tighter places, particularly if towed 
by a crawler. 

The bottom dump scraper is most effi¬ 
cient at building a long pile, in the same 
manner as a highway fill. The sides are 
built up* starting at the outer edges, as 
steeply as the material will permit. The 
entrance ramp at one end, and the exit at 
the other, are started at gentle slopes and 
steepened as necessary. The pile may be 
started full length, or made short, and 
extended when additional capacity* or an 
easier ramp grade, is needed. 

A dozer or a motor grader should be 
available for at least occasional trimming 
of the surface. If the material tends to get 
soggy when water soaked, or is unstable at 
the edges, compaction with sheepsfoot or 
rubber tired rollers might be advisable. Or¬ 
dinarily* however* the scrapers themselves 
provide sufficient compaction for stockpil¬ 
ing purposes. 

Scrapers may also make shallow piles for 
rehandling by drag scrapers. 

Conveyors. Stackers and other conveyors 
of the boom type will build high piles with 
material dumped into a hopper tf these 
machines are wheel or track mounted, they 
can be towed away from the pile so that it 
will build into a windrow. Width of pile 
can be increased or separate piles made by 
pivoting the boom or the whole machine. 

These are most easily fed by a drag 
scraper or revolving shovel, but a skid 
mounted ramp that will allow trucks to 
dump into the hopper can be made out of 
heavy timber. 

Long conveyors, of either elevating or 
horizontal types, may be made so that a 
dumping device can be inserted at any spot 
desired. This makes possible the building of 
a windrow- the full length of the conveyor* 
or making a scries of separate piles of 
different grades. Lengthening the dump 
conveyor will increase the area which can 
be used. 
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COSTS 

Con tractors’ costs may be difficult to 
classify, but a rough division into capital 
investment, fixed or overhead costs* and 
operating expense is convenient. 

Capital This heading in¬ 

cludes investment by the owner or owners 
of their cash or borrowings, in working cap- 
itaL machinery, office and field buildings* 
processing plants, land, stocks of material* 
mining rights, rights of way. and similar 
items. 

Overhead. Overhead is made up of costs 
which do not vary immediately or directly 
with volume or type of work. 

It may include the following items: 

Drawing accounts, or living expenses, of 
owner or partners. 

Management and supervision—salaries 
of executives* superintendents* and 
foremen. 

Office rent, payroll, and supplies. 

Interest paid on loans, or charged against 
capital investment. 

Insurance for fire, theft, and lability if 
paid on the ownership of equipment 
and premises. 

Ownership taxes on land, equipment, 
and other capital assets. 

Depreciation. 


Personal Expenses. The contractor who 
runs his own business should keep books 
sufficiently to distinguish between business 
and personal expenses. However, he should 
bear in mind that these come out of the 
same pocket, and that his living costs are 
part of business overhead to the extent that 
it is up to the business to provide money to 
cover them. 

It is common practice for owners to 
draw a fixed amount, and to consider this 
to be the only personal charge on the busi¬ 
ness, However, if personal expenses are in 
excess of the drawings* and the deference 
results in running up bills, these will ulti¬ 
mately have to be paid by the business, and 
might better be considered a charge against 
it from the first. 

If personal expenses are not closely ac¬ 
counted for, a one-man business which is 
profitable in itself may go steadily downhill, 
without the proprietor ever understanding 
why. 

Job Overhead* This heading may include 
any of die overhead items which are in¬ 
creased to take care of a particular job. 
When a contractor takes on a big project* 
his office and supervision force may be 
enlarged several hundred percent for its 
duration. This increase, arising from the 
one job* can justifiably be charged against 
it 


COSTS 


If job conditions require providing guar¬ 
anteed pay, meals, rooms, or services to 
field employees, such expense may be 
labeled overhead, operating, or job over¬ 
head. 

Job overhead may also include a propor¬ 
tion of home office overhead. 

Job records show lime for men and 
equipment, as well as cost, as reference in 
figuring other jobs in which the work is 
similar but costs are different. 

Operating Costs, This heading includes: 

The field payroll of employees hired by 
the hour or day, or for the job* 

Payroll taxes. 

Liability and compensation insurance 
based on payroll* work, volume, or 
job conditions. 

Machinery fuel, lubrication, mainte¬ 
nance, and repair. 

Machinery rental delivery* and changing 
rigs. 

Expendable supplies. 

Receivable*. An important consideration 
for a contractor or a pit operator is the 
amount of capital required to carry cus¬ 
tomers' accounts. In most localities it is dif¬ 
ficult or impossible to work on a cash basis. 
Even when the primary business is selling a 
commodity in great demand, as gravel in 
a gravel-scarce area, and operations are 
started successfully on a cash-for-cach-load 
formula, good customers have a way of 
working away from it through a series of 
steps, such as pay after several loads, pay 
at the end of the day, at the end of the 
week, and at the end of the month, to a 
regular charge account, perhaps tying up 
thousands of dollars for long periods. 
Losses on jobs, or difficulty in collecting 
accounts, may change a well-heeled cus¬ 
tomer into a slow paying one. 

Crcdil granted to one makes it triply dif¬ 
ficult to refuse it to others. 

It takes more backbone, or perhaps un- 
cooperativeness, than is possessed by the 
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average contractor to resist this technique 
of opening and increasing accounts. Also, 
it frequently happens that the pit cannot 
maintain a profitable volume except on 
credit, particularly if competitors enter the 
field. 

Receivables not only tie up a large 
amount of working capital, but include a 
probability of bad debt losses. These can 
be minimized by good judgment in extend¬ 
ing credit and skillful collection methods, 
but they cannot be entirely avoided. 

A bank is usually willing to lend money 
on receivables. If the account has a good 
credit rating or local reputation, it may 
advance the full amount, less a discount 
which serves for an interest payment, on 
the understanding that any money received 
from that customer goes directly to the 
bank. Or a certain portion of the total 
amount of receivables may be lent on a 
regular interest bearing note. 

The cost of such discounts or interest 
and an allowance for uncollectible ac¬ 
counts, should be figured into the prices 
charged for material and services. 

Offering discounts direct to the customer 
for cash or prompt payment is helpful in 
bringing quick money from good accounts, 
but is not very effective with those who are 
really hard up, and who constitute the 
major problem. 

If a pit is operated partly with owned 
machinery, and partly with units rented 
from others* an over-large or doubtful ac¬ 
count can often be tactfully collected by 
hiring the customer's machinery until he 
has worked it off. Sometimes an arrange¬ 
ment is made by which the pit pays the 
customer partly in cash to enable him to 
keep up with his payroll, and applies the 
balance against the bill. 

MACHINERY COSTS 

Equipment cost should be figured in two 
ways—total expenditure involved in buying 
the machine and starting work; and cost 
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of ownership and opera lion during its use¬ 
ful life. These are different ways of looking 
at the same thing and should never be 
added together. 

The expenditure is the important figure 
lo the contractor with limited capital bui 
may be merely a factor in considering long 
term costs for the large operator. 

Care should be taken to include in the 
purchase price all expenses involved. These 
may include list price, delivery to the 
freight station, and perhaps then to the 
job or yard; accessories, such as cubs, 
lights, spare tires, parts, and special tools; 
repairs or alterations necessary immedi¬ 
ately; allied equipment required to get full 
use of the machine; and finance charges in 
excess of nontial interest rates. 

Some of these items are self-explanatory* 
Repairs are required only on used machines 
and include such items as replacement of 
worn tires or tracks, or complete overhaul 
Alterations may be changes made to 
adapt to overloads or special work, or may 
be necessary to correct mistakes or omis¬ 
sions of the manufacturer They can include 
fishplating and other types of reinforce¬ 
ment, building up wearing surfaces with 
hard steel, safety guards, and other devices. 
Allied equipment covers such extras as 
a trailer lo carry the machine, ramps for 
loading it. and different front ends, buckets, 
or blades for special uses. 

Finance charges may be at a higher rate 
than ordinary business discounts* and often 
include insurance and other charges. These 
are usually added to the face amount of 
the sales contract. 

Ownership* This is what it costs to own 
the machine aside from the expenses of 
operating it. Li may be figured on an hourly, 
daily, monthly, or annual basis, or over the 
whole expected life. Usually, it is figured 
on an annual or whole-life study, then di¬ 
vided into shorter periods. 

Depreciation should be included. This 
is the original cost of the unit divided by 


the lime it should work. According to the 
Internal Revenue Department, most con¬ 
struction equipment is worn out or obsolete 
in three to six years, and depreciation may 
be calculated accordingly. On the other 
hand, it may be that the contractor is ac¬ 
customed lo using the type of machine he is 
buying for ten to thirty years, and will wish 
to figure on that basis. 

Some foreign govern men is rule that a 
machine depredates each year by one third 
of its value at the beginning of that year. 

Several methods of computing depreci¬ 
ation are now authorized by the IKS* 
Treasury department, These are discussed 
in the Appendix, Page A-33. 

When a machine is sold for less than its 
depreciated value, the deficiency is a capital 
or a business loss. If the price obtained is 
higher than such value,, the difference is 
either capital gain or income. 

If the machine is turned in on another 
similar unit, the part of the allowance which 
is greater or less than its book value may be 
used to decrease or increase [he book value 
of the new machine. 

Interest should be charged against a 
machine even if it is bought for cash. 
Money spent on it could have been used 
to pay olf indebtedness; or invested so as to 
yield a return* as in bonds or savings ac¬ 
counts, The interest rate is usually figured 
to be between four and six percent on the 
average annual invest men t 

This average investment is found by 
adding one year to the depreciation period, 
dividing by twice that period, and multi¬ 
plying the resulting fraction by the original 
cost. For five-year use* the fraction would 
be *Ko, for six-year, 

Insurance costs will include fire, theft, 
and collision coverage for the machine 
itself, and sometimes liability insurance, 
either as a separate policy or as an increase 
in premium for general coverage. 

In many stales, machines are taxed as 
personal property in the same manner as 
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real estate. Trucks and rubber mounted 
machines that travel on highways pay li¬ 
cense fees, which are a type of tax. 

Opcrating' The cost of operating a par¬ 
ticular machine is made up of operator’s 
pay p fuel, lubrication, and repairs. 

Fay should be figured to include payroll 
taxes, pensions, cost of or loss on board, 
lodging, transportation, and other extras, 
and liability and compensation insurance 
based on payroll. 

Fuel consumption varies, but is usually 
figured on an average basis- A big machine 
lakes more than a small one, and hard 
work consumes more than light jobs. Gas 
engines use more fuel and higher priced 
fuel, than diesels. Proper engine mainte¬ 
nance will keep fuel bills down. Careful 
maintenance increases lubrication costs but 
they are saved many times over in reduced 
repairs, A rule of thumb which can be used 
unless there is evidence to the contrary, 
is that lubricants* and the labor of using 
them, amount to 50 percent of fuel cost. 

Repairs include maintenance items such 
as cables, hydraulic hose* filters* tires, and 
blade edges, field repairs, and complete 
overhauls. These vary greatly among differ¬ 
ent types and makes of machines, with the 
type of work, the treatment the machine 
receives, and luck. The rule of thumb is 
that over the life of the machine they will 
equal its first cost. 

Hourly. It is convenient to figure ma¬ 
chine costs, both ownership and operating, 
on an hourly basis, tf the calculations have 
been done on a yearly method, the results 
are divided by the number of hours of work 
which the machine should do in the year. 

A single shift, forty hour week will afford 
a maximum of 2,100 working hours in a 
year, but weather, holidays* repair time and 
other shutdowns will usually reduce this to 
1,000 to 1,500 hours. Overtime work, or 
operating two or more shifts, will increase 
the number of working hours. 

Increase in number of working hours will 


usually decrease ownership cost per hour. 
Increased working hours will affect operat¬ 
ing cost only insofar as overtime or other 
factors raise the pay rate. 

Sample calculations of hourly costs are 
shown in Figures 11-1 and 11-2. 

The first is based on a 1500 hour year. 
The second, a standard type of approach 
used by most manufacturers* uses a 2000 
hour year. In cither case the machine might 
actually run many mure or fewer hours than 
expected. 

If the machine can be sold at the end of 
its work life* ownership costs are reduced. 
This factor is too variable io be counted on. 

In Figure 31-2 the tires are deducted 
from the capital cost of the machine* and 
re-entered under operating costs. This 
makes no difference in the final combined 
hourly cost* but does point up the high 
cost of tires, and the importance of taking 
care of them. 

Crawler tractor figures might be set up to 
show* cost of tracks and rollers as an operat¬ 
ing expense, 

Marty contractors can buy replacement 
tires wholesale* thus substantially reducing 
costs under this heading. 

OVERTIME 

Where the excavation industry operates 
on five working days of eight hours each 
per week* additional hours worked on any 
of the five days, and any time worked Sat¬ 
urdays, are called overtime, and paid at one 
and a half times the regular hourly rate, 
Sunday work may be time and a half, or 
double time* 

A contractor who must finish work 
before a contract deadline, or before bad 
w r eather* or who wishes to take advantage 
of a busy season, may ask his men to work 
overtime; litre additional men to ivork two 
or three shifts; or may buy or rent addi¬ 
tional equipment to work one shift. 

In general, it is profitable to work large 
machines overtime, as the extra wages are 


MACHINE COST CALCULATION 


List price £06 factory £.1,400.00 

freiqht 4 500.00 

Extras and alterations faoo.oo 

TOTAL COST 25 


Estimated yearly use isoo hours 
life 5 years 

Total use 7500 hours 

Average annual investment Via x 22,500 = 13,500.00 

Depreciation per year - ^ a ‘ ^ Q0 - y-. 500.00 

.. per hour « - 4.500 - 3,00 

1,500 


Estimated 

yearly interest = 5 % of avq annual 

investment 

■1 

*> insurance = 2 Y® 

«| R 

it 

H 

1- taxes - aVo 

«k 11 

M 

■ 1 

1. overhead =. 95k of 

13 , 500 ^ 

I, HI 5,00 

Pi 

hour , H „ . 

- 

.61 


Depreciation per 

hour 

3.00 


Overhead 

1 * 

.61 


ownership Cost <■ 

ht 



OPERATING COST 


Operators hourly waqes, QSSUmcd 2 .00 

hourly taxes and insurance on wayes, assumed at 157s ,30 

Fuel, diesel f>° 

Lubrication. 72 -fuel 4 cost 30 

Maintenance and repairs, assumed equal to depreciation ^00 

operating, COST per hour 


TOTAL HOURLY COST, OWNERSHIP AND OPERATION 


500.00 


3 -&I 


fa.eo 


'QOt 


Fig. U-L Ownership and operating cost 
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ESTIMATED HOURLY OWNERSHIP AND OPERATING COSTS 

lflL[)T-lOSW 25yd. Bottom Dump 
flnclsdei Cab) 


QttNERSHlF COSTS 


1. DEPRECIATION: t.Hc iIU*e* ? » lid, for »4l'* S v >r milt niue.J 

frirt Ji 2 p 4 D 

Riitrii | 

Freight - (fiO.&Od * « i 1,|0/i ?12 
lit I a rere J Pri«t (43,352 

Um QrifiMi af tire* (in Na, 3 H0 P 925 

T?tii Afloat to be Otpraefos+d I 12 .15? 


Qki foid fr* depre-ciiLfon period - 10 r 00(1 Hour j sf 


2. INTEREST, TAXES. INSURANCE 4 «d STORAGE: 

c L0\ ; iBlirtil M, Tit#i 2*. lit. A Strg. 2* 

F_aal««tpJ ec |01 n-f iTiri|i ynirlf inT«nu>;^ 

Ai'-rraga yearly inrcitveni tor S y+m re i■ 60 1 &{ 

■dsLifered price. 

EMLMrgii frricr (VI3.357? ft ^ ^ lB| , j 1.31 

Houn DperiLtd per T#ar t 2 p ftOft I ~ — 

A, TOTAL HOURLY OWNERSHIP COST V 


OPERATING COSTS 


3, TIRE REPLACEMENT GOST; f foe lu4*a Tire*. Ttbti & T«Ha.) 
Frpat Ti tw Sia* U;06 x 24 - 20 ply; 2 r^d, - 

OriTi Tire Si it 2 ?] GO 9c 33 30 pfo; 2 reqd. - 

Trail** Tire Sin 27:00 X 33 3d 2 ra^d* - 


% 76T 

* 5 ,D7S 

1 S,079 


Tac,*l Valet of Qrijtioal Tire* * 1 ID 92$ 


Dfoidcd fcj IitiHt«d Tif* Li I* af S.OOO 

4. TIRE REPAIRS, eat leeLcd it 1$ \ bf Nearly Tire Caic. 

5- REPAIRS, fotied fog pan* *nd fofor 

6. CUTTING EDGE REPLACEMENT COST ,.r»«cad *i [Ser^r a *i r y 
7+ FUEL, me. eaeiiiapcioB 6 ^e L _/ Jbc_ f ] (< /geL 
8 ■ OIL, GH EASE - 4 n-c-1 udmi greasing labor. 

9. r.lPFfiATOft4nc [yd in* Sari el Security in-d Caafenaatiea 


Ko»r*?t 2,Id 

1 0-33 

1 1.42 

t 

t n.&\ 
i CL 2$ 
» 1-50 


B. TOTAL HOURLY OPERATING COSTS i 6.53 


TOTAL ESTIMATED HOURLY OWNERSHIP AMD OPERATING COST* 


* Ur 19 


S.* EUCLID'S bo.licl, "Eutnliq ft &>.!.' Far. J5S, .(Witio .,1 ..inti., i 

’DOES .yOT INCLUDF PROFIT, WNEAD *M) SUPERVISION 


Csurlnv of Eiitliii DiriiHMI, CciWfll/ Affrfcri Cutpornlion 

Fig. 11-2. Costs, 2000 hour annual basis 

11-6 


APRIL Id, 1953 





















OVERTIME AND 

more than offset by the drop in hourly 
ownership costs caused by spreading them 
over a greater number of hours. Small 
machines may show either increased or 
reduced profits. 

Overtime work with labor, supervisors, 
and other personnel ordinarily results in a 
loss, as the profit figured on a payroll is 
liable to be between IS and 25 percent, as 
against the 50 percent increase in pay rate. 

It should be remembered that payroll 
insurance premiums increase in direct pro¬ 
portion to the amount of pay* although 
some payroll taxes do not apply over a cer¬ 
tain amount. 

The small contractor whose machine 
operaiors are frequently able to work for 
extended periods without help or super¬ 
vision, is more likely to work overtime than 
the targe scale operator. 

When work is being done on a fixed price 
contract, or at a fixed hourly rate* overtime 
costs must be carefully watched. If the 
work is on a basis of cost plus a fixed fee, 
overtime will merely require a larger in¬ 
vestment io obtain the same profit. If pay¬ 
ment is cost plus a percentage of cost, 
overtime, as well as any other extra ex¬ 
penses, will increase the contractor^ profit. 
Cost-plus contracts may require that a 
contractor obtain WTilten permission before 
incurring overtime or special expenses, 
Multiple Shifts. Work may also be 
speeded by working two or three shifts. 
Three shifts arc commonly eight hours 
each, one crew taking over from another 
without any shutdown. The day shift is 
front 8:00 am . to 4:00 p.m,, the ‘'swing 1 * 
until midnight, and the "‘graveyard” until 
*he day gang takes over. Fay time is eight 
hours, but a ‘lunch 5 ' period* and time lost 
in the changing of the shifts, reduces work 
time to less than seven and a half. 

Two shifts may he of either eight or ten 
hours each. The job is usually shut down 
after each shift, except for lubrication and 
repair crews. 


NIGHT SHIFTS 

Night work is less efficient than day be¬ 
cause of the need for artificial light, and 
Lhe lessened accuracy and usually lower 
mental and physical vigor of the men. Night 
grading is very destructive of stakes. 

Multiple shifts may work at cross-pur¬ 
poses, or at least with insufficient under¬ 
standing of what has been done. This diffi¬ 
culty is somewhat less when the new crew 
arrives before the other leaves. If there 
is no contact, the supervisors should meet 
in the idle period to discuss the work and 
coordinate their efforts. 

There should be a system for rotating 
men among the shifts, but it should be ad¬ 
ministered intelligently. Night shifts are 
generally unpopular t but some individuals 
prefer diem and they should be left in 
therm Swapping of shifts among equally 
qualified men should always be allowed. 
Rotation should be at rather long intervals 
to enable the men to adjust to changes in 
sleep and w ? ork hours. Two weeks is the 
shortest period which should be considered. 

ESTIMATING 

A contractor is usually called upon to 
estimate the time, material, and expense 
involved in a piece of work. This estimate 
may involve careful calculation of all fac¬ 
tors, may be made up from records of simi¬ 
lar work* or the memory of them; or* in 
bidding on a small proposition, be only un 
informed guess. 

An estimate may be used as a basis for 
making a fixed price bid, or simply to give 
the customer an idea of cost while per¬ 
forming the work on an hourly or cost plus 

basis. 

The first requirement for most estimating 
js practical experience with the work in¬ 
volved. In large organisations* this experi¬ 
ence may be only in handling cost, produc¬ 
tion, and lime figures. In small firms, the 
figuring is often done by the same man who 
does or directs the work. He should be 
familiar not only with excavation in gen- 
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eral, but with the specific type or types of 
work to be done. 

Bulk and Hauling. The gross factors in 
estimating excavations are the quantity of 
materia] to be dug, its digging qualities, 
the distance it must be moved, haul con¬ 
ditions, and the manner of its use or dis¬ 
posal; all in relation to the equipment to 
be used. 

Quantity, which is usually measured in 
bank yards, should include anything that 
must be dug, quarried, or moved in the 
course of the work. Material which is stored 
and reclaimed must be added in twice. 

Digging qualities will include not only 
the hardness and coarseness of the bank, 
but water or sand conditions on the pit 
floor, danger of slides etc. It will largely 
determine the type of excavators to be used, 
and whether blasting will be necessary or 
uof. 

The distance to be moved wilt decide 
w hether it is more economical to push or to 
carry it, and the types of hauling unit to 
be used. In general, haulage is flgured from 
the cemer of mass of the cut to the center 
of mass of the fill, but the length of the 
longest and shortest hauls must also be con- 
sidered- 

Haul calculations should include atten¬ 
tion to the type of ground to be crossed, 
its probable carrying capacity and tractive 
resistance T grades to be climbed and the 
cost of making and keeping it passable. 

Spoil can be dumped over a high bank 
more economically than it can be spread 
and compacted m a fill Operations will be 
slowed unless there is space for equipment 
to maneuver and dump in, and unless the 
fill will support and give adequate traction 
to the hauling uni is. 

Fill requirements can be greatly in¬ 
creased by a soft base that will compress or 
shift under its weight* 

Measuring Volume* An experienced esti¬ 
mator can often judge the volume of a 
bank or pile quite accurately by inspection, 
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without measurement. However T appear¬ 
ances arc often deceptive, and most people 
are safer if they make at least approximate 
measurements as a check. 

Casual estimating or measurement of 
bulk is reasonable practice in small jobs, 
and in situations where volume is not a 
major factor in costs. 

When large volumes are involved, care¬ 
ful measurements should be made by en¬ 
gineers or their methods > These are dis¬ 
cussed in Chapters 2 and 8. 

An excavation for a cellar in flat ground 
i$ calculated by extending the wail lines 
to include extra digging required outside 
the foundation, and multiplying length, 
width* and depth. The line measurements 
may be converted into yards, or the multi¬ 
plication done in feet, and the result di¬ 
vided by 27 to give cubic yards. 

An irregular cellar is divided, on paper, 
into a number of rectangular blocks. The 
volume of each is found and the results 
are added to give total volume. 

The dirt to be removed for bulldozer 
romps may be figured separately, or allow¬ 
ance made by using a lower production 
basis for the machine. 

Piles can often be conveniently meas¬ 
ured by calculating the volume of regular 
masses of similar outline, and making plus 
or minus adjustments for differences. 

A pile of clean* dry sand may have a 
conical shape, or be a ridge with a tri¬ 
angular cross section, ending in half cones. 
Measurments should be taken to deter¬ 
mine base si zz and height. 

The area of the circular base of a cone 
is found approximately from the circum¬ 
ference by the formula: 

Circumference 3 


and from half the diameter by 


Area = 3.14 x Radius 2 
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The volume of a cone is the height times 
one third the base area. 

The long part of the pile is figured by 
the formula: 

height x width x length 
Volume = —----_S_ 

A long pile will have the volume of the 
center section, plus the volume of one cone, 
as each of the ends is a half cone. 

When the pile shape is flattened, differ¬ 
ent, or irregular, profiles and cross sections 
arc taken in the manner described in Chap- 
ter S, 

Digging Factors. The digging qualities 
of a soil are of great importance in estimat¬ 
ing. If blasting is required, expenses ore 
increased five Limes or more, with the ex¬ 
tra costs per yard increasing if the quan¬ 
tities are small, or if precautions must be 
taken against damaging property. 

Hard soil that can be barely dug with¬ 
out blasting will also prove expensive, in 
the terms of slower production, and in¬ 
creased breakage of equipment. It may 
require the purchase or rental of special or 
larger machines. 

Wet digging requires working from above 
with hoes or draglines; may call for ex¬ 
pensive drainage or pumping, imd will cause 
mud difficulties at the dump. Operation on 
wet or muddy pit floors may require the 
use of tracked hauling units instead of 
rubber tired p with resultant drop in speed; 
or substitution of all wheel drive for con¬ 
ventional trucks. 

Wet conditions may also make necessary 
the building of temporary roads of cordu¬ 
roy, crushed rock, or gravel. 

If boulders are numerous, digging will 
be hard; there may be a problem of loading 
stone that is too large to dump Through 
truck tail gates; and, in any event, time 
will be wasted in separating boulders from 
soil, either at the bank or on the fill, and 
in piling, blasting, or working around those 



Fig. 11-3. Pile measurement 

which are too big or heavy to lift or haul. 

Ledge outcrops in a pit floor complicate 
drainage and make haul mads rough. 

Deep cuts which require benching in¬ 
volve more planning and systematic work 
and probable lost time than straight dig¬ 
ging 

The amount of swell of the soil and rock 
when dug will affect the capacity of haul¬ 
ing units in bank yards, unless such steep 
grades must be climbed that weight is a 
more critical factor than bulk. 

In scraper digging, the presence of a lu¬ 
bricating material in the soil may make 
possible bigger or quicker loads. Slippery 
surfaces, however, decrease production, 
particularly with rubber tired prime mov¬ 
ers, 

Fitts. Trucked fill placed in thin layers 
requires more or larger dozers for spread¬ 
ing than when in high lifts. Even if no roll¬ 
ers are used, compaction and rain resistance 
will be improved because of better vertical 
distribution of the weight of the hauling 
units. If rollers are used, the thin layers 
will have more total surface to be treated, 
but compaction may be secured with lighter 
machines, or with fewer passes on each 
level. 

When the spreading dozer is oversize for 
the quantity of dirt being trucked, the extra 
cost of thin spreading is negligible. 

Scrapers naturally spread in thin layers, 
so depth requirements are more readily met. 

9 
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Clean dry sand or gravel may not afford 
enough traction for trucks so that watering 
or adding thin layers of loam fill may be 
necessary. 

S'j-mfiictiun. Most estimators are familiar 
with ihe output of the machines to be used 
on the job, Allowance must be made for 
special conditions that will slow the ma¬ 
chine, These may be water, cramped work¬ 
ing area, unexpected changes in the charac¬ 
ter of the soil, or soft haul roads. 

Jf a relatively unfamiliar machine is to 
be brought or hired for a job, its produc¬ 
tion can be studied in the manner indicated 
in Chapter 3* 

Small jobs are often estimated on an 
average time basis, A hoc or a dozer may 
be able to dig small house cellars in three 
lo six hours. A contractor specializing in 
this work may figure that the machine is 
usually tied up for about a day on such a 
job. and base his rates accordingly. Esti¬ 
mates may be given on a yardage basis 
without inspection, upon the customers 
assurance that the site is clear and work¬ 
able, and with the understanding that an 
additional charge could be made if it is 
not, or if rock or other special conditions 
require extra work. 

Sequences. Excavation or grading proj¬ 
ects often involve a sequence of two or 
more operations. Sufficient delay in one of 
them will slow or stop work on those which 
follow it. Increase in the number of opera¬ 
tions makes the final ones more subject to 
delay. If each step in a scries is followed 
closely by the next, through physical neces¬ 
sity, or haste, the possibility of confinuing 
some work after a breakdown is reduced. 

As an example, in laying subsurface 
drains, a ditch is dug, tile is laid in it, 
and the ditch is refilled. If die tile is laid 
and the ditch backfilled immediately behind 
the ditcher, it cannot even stop for fuel 
without making the tiling crew and the 
dozer idle. Any delay in the supplying or 
the placing of tile will shut down the 


dozer and, if the ditch is likely to cave, 
the ditcher as well. 

If tile is supplied by truck as required, 
or a hide ahead t>! use, truck breakdown 
will slop work quickly. On the other hand, 
if several hours 1 supply arc laid out along 
the ditch line, work can continue while the 
truck is repaired or replaced. 

If the ground will permit leaving open 
ditches, the ditcher may keep several hours 
ahead of the filing crew, and the dozer 
work a long distance behind it so that 
only a major breakdown will stop more 
than the unit affected. 

In shovel loading, the sequence is dig¬ 
ging, hauling, and spreading. If the shovel 
stops, the job Mops. If a truck sEops t shovel 
and dozer work are usually slowed, If the 
dozer quits t work may shut down after a 
few r loads, or continue some time, depend¬ 
ing on dumping conditions. 

If two shovels and two dozers, are work¬ 
ing. complete stoppage is much less likely, 
although there is an increase in the likeli¬ 
hood of slowdowns. 

Slowing or stopping of a job increases 
the contractor’s cost, especially when there 
is no other work to which machinery can 
be shifted for the time involved. Fixed 
expenses continue, and part or all of the 
payroll. The effect on contracts involving 
penalties for failure to finish on schedule 
may be even more serious. 

Bottlenecks are another hazard of se¬ 
quences. Any machine, or any operation, 
which is slower than those preceding and 
following it, will set (he pace, or the lag* 
for the whole job. until the condition is 
corrected. This situation may arise through 
improper selection of a machine, delivery 
of the wrong size or Eype r meehanical or 
digging difficulties* man shortage, lack of 
skill, of mistakes in figuring. 

In making an estimate, sequences should 
be studied carefully and allowance made 


for the probable delays. 

Rush Jobs. Rush jobs usually involve 
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very dose sequences to such an extent that 
machines and men are so on top of each 
other that a great deal of time is wasted, 
even if no breakdowns or serious tieups 
occur. An extra charge should he made 
U> cover this inefficiency. 

Another type of rush which is frequently 
experienced is that a customer, often a 
home owner or building contractor will 
demand that machinery be sent over Im¬ 
mediately to backfill and grade around a 
house, dig ditches, or perform other work 
required to obtain a payment on a building 
mortgage, or to make the house look at¬ 
tractive to possible buyers on a week end. 

If such a call is answered promptly with¬ 
out investigation, it will all too often be 
found that the site is not in workable con¬ 
dition. Perhaps the whole area is cluttered 
with piles of sand, gravel, bricks, and lum¬ 
ber: or the foundation lias nut been painted 
with waterproofing, nor the scaffolding re¬ 
moved; or neither the boss nor the plans 
can be found. 

The contractor usually does not have the 
men or the information necessary to clean 
things up, or figure what to do. Using 
valuable supplies for fill, or working in 
the wrong place, does not lead to friendly 
customer relations, nor does charging time 
for the machinery while it is parked wait¬ 
ing for a chance to work. 

It sometimes seems that the owner's re¬ 
sentment of mistakes or tost lime arising 
from such negligence on his part, increases 
with the extent of his fault 

On one such job + a contractor was in¬ 
duced to take a backhoc oil a job just long 
enough to ditch for a septic tank and field 
at a house whose owner was to be there 
at eight in the morning with the plans. He 
did not appear. The contractor wanted to 
get back to the other job, so he went to 
the Board of Health, got specifications for 
the work, and dug for a tank and 240 feet 
of field—all deep ditching in hardpan. 

That night the owner was very angry as 
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he was sure that lie had told the contractor 
that he had received a special dispensation 
to use only 100 feet of held. He not only 
did not want to pay for the surplus ditch— 
he wanted damages for the field that was 
dug up. Eventually, after much argument* 
he made partial payment. 

Weather, No one can predict the weather 
with any certainly, but anyone can make 
a guess according to climate and season. 

Appropriate consideration should be 
given to the possibility of bad weather that 
may consist of rain* snow* heat* cold, 
wind, dust, or other factors. Any unfavor* 
able condition wall probably increase costs 
and lime requirement. 

The effect of rain may be to stop work 
only while it is falling! or for some time 
afterward. Pervious soil* proper pit drain¬ 
age, well maintained haul roads, and com¬ 
pacted fills shorten or eliminate the wait¬ 
ing period for mud to dry. 

if the work must continue in spite of 
rain, machinery should be provided with 
cabs, and, on average soils* a liberal allow¬ 
ance should be made for crusher rock or 
gravel la keep vehicles out of the mud 

Other factors in estimating are listed in 
Chapters 3 and B and in the Appendix, 

CONTRACTS 

A large proportion of excavation is dune 
under contract calling for a fixed payment 
for certain specified w r ork, Provision may 
also be made for increased payment for 
certain difficulties which may arise in doing 
the work, or for additional work not in the 
contract. 

Contracts are also let on a yardage or 
other piece work basis, and on cost plus a 
fixed fee or percentage of cost profit. 

Large contracts should be in writing and 
should be carefully studied. Small ones may 
be verbal. 

Lump Sum. This type of contract is suit¬ 
able for jobs where all the important fac¬ 
tors which will a licet the work are known. 
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Under suitable circumstances, this is itie 
most satisfactory type of contract. It relieves 
the con*ractor of considerable measure¬ 
ment, classification, timekeeping, and book¬ 
keeping; and the customer the necessity of 
watching the contractors every’ move. In¬ 
spection is still required, however, to assure 
cuts to proper dimension, accurate grades, 
and proper construction, compaction, and 
finishing where specified. 

Unless careful engineering investigations 
are made of the site, such contracts may 
result in disagreeable surprises for either 
party. The owner may find that he has 
paid blasting prices for large volumes of 
rock that is readily broken out by a shovel; 
or for removal of valuable material which 
could have been dug at a profit. The con¬ 
tractor may find himself digging rock where 
he looked for loam, or installing pumps 
where he thought he would be high and dry. 

A contract which is turning out dis¬ 
astrously for the contractor can sometimes 
be re-negotiated, but this is largely depend¬ 
ent on the good will and generosity of the 
owner. The contractor can demand an 
extra payment only if the unfavorable con¬ 
ditions were known to i and concealed by, 
the owner; or where the owner withheld 
information which would have enabled the 
contractor to anticipate the difficulties. 

Lump sum bids require skill, good judg¬ 
ment, and occasionally second sight, on the 
part of the estimator. 

Per Yard Bids* Excavating contracts arc 
often let on a basis of a fixed price per 
yard for each of two or more classes of 
digging. The most usual division is into dirt 
—material which can be dug fairly readily 
by the size shovel normally used in such 
work—and rock—material which requires 
blasting before digging. This classification 
may put clay formations in the rock class, 
and rotten rock in the dirt category; but in 
general, it is fairer than classifying by geo¬ 
logic structure. 

Except on small or special operations, 


payment is for bank yards. The ground is 
measured before work starts, again when 
rock bid bare, and finally when the cut 
is finished. Boulders arc measured indi¬ 
vidually as they are freed from the bank. 

In rock cuts, payment may also be varied 
according to the position of material re¬ 
moved. Full price may be paid inside the 
slope or side lines, a lesser price for mod¬ 
erate overbreak, and nothing for excessive 
overcutting. 

Two or more prices may be quoted for 
varying distances of haul. A common cause 
for this is the use of selected borrow from 
pits whose capacity is not fully known. 

Hauls up to a certain distance may be 
figured as part of excavating costs, and 
extra payment made for carrying it longer 
distances. The excess is called overhaul or 
paid haul. 

Cost-Plus. When important conditions 
of the job are unknown, the contract may 
be made on a cost-plus basis. The con¬ 
tractor will then have all his costs in doing 
the work repaid, and will receive cither a 
fixed fee or a percentage of his costs in 
addition. This type of contract is most often 
let in government or other work where 
haste prevents thorough investigation of the 
site, or plans are subject to change during 
operations. 

The fixed fee basis is appropriate where 
the total amount of work can be estimated 
with fair accuracy, and the percentage 
where changes and extras can make up a 
substantial part of the job. The latter sys¬ 
tem is subject to grave abuses, as mistakes 
which add to the cost will increase the 
profit, so that inefficiency is rewarded. 

A serious cost-plus difficulty is that it 
is apt to lead [he customer to interfere with 
the contractor's policies and management 
on the job. This effort to lower costs is 
liable to be of the penny-wise pound-foolish 
variety, and increases expenses more often 
than it reduces them. 

It is important for the contractor to 
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include all indirect as well as direct costs 
in this type of bid, 

A variation of cost-plus is a bid listing 
hourly or daily rates for all machines, serv¬ 
ices t and personnel to be employed on the 
job. The contractor figures his profit on 
each unit into the price charged for it. 

Jokers* Many contracts are tricky and 
can be used to make the contractor do his 
work for part pay t or to take the respon¬ 
sibility for conditions beyond his control. 

It is customary to make payments on 
account on jobs which take over a few 
weeks to complete, so that the contractor 
will not have to scratch for payroll and 
immediate expense money; In many types 
of work, it i$ usual for the owner to with¬ 
hold a percentage, which may range from 
five to fifty percent of the value of work 
performed, as security for completion of 
the job and fulfillment of any guarantees. 

Such contracts may leave the owner the 
option of not completing the job, thus 
withholding final payment indefinitely. For 
example, a contractor might bid on a 
development job of installing sewers, back¬ 
filling the ditches, laying gravel roads, and 
then blacktopping. This is one job P and 10 
percent withheld from payments is not due 
until the blacktop b completed. 

But the developer can sell his houses 
when he has the gravel in. He may lack the 
money to put on blacktop, or just figure 
it is a good idea not to do it + and hold on 
to the percentage. He may be able to do 
this under the contract, unless it specifies 
that each operation calls for a separate final 
settlement, or that all work may be per¬ 
formed in proper sequence, without specific 
authorization. 

Another trick is to exact a guarantee of 
quality while specifying material or meth¬ 
ods which may be sub-quality. If roads are 
to be constructed of bank-run gravel from 
a developer 5 pit, the contractor should not 
guarantee that they will be passable after 
a rain unless he is given the option of re- 

Li-13 


jeering pan or all of the material if it is 
substandard* and importing better gravel 
at additional cost. 

On contracts which call for penalties for 
failure to complete by a certain date, the 
contractor should be protected against 
delays caused by the owner. These may in¬ 
clude failure to complete prior operations, 
or to remove surplus material left from 
them; or not supplying plans, grade stakes, 
work permits, or access to property on 
time. 

The contractor should also protect him¬ 
self against shortage of materials, by means 
of delay -caused-by-c ircu m stances-bey ond- 
control clauses, option of substituting avail¬ 
able for unavailable items, or both. 

However, the greatest losses to contrac¬ 
tors occur because of forgetting to leave 
a loophole for possible underground con¬ 
ditions. The big three arc rock, mud, and 
flowing water, and one or all of them can 
crop up in most unexpected places. 

WORKING BY THE HOUR 

Excavating contractors may avoid some 
of the pilfalls of estimating by working on 
fixed prices charged by the hour, day, week, 
or month for their machinery. When work¬ 
ing for another contractor, or under super¬ 
vision ol an engineer, no estimating may be 
required. 

Prices obtained are determined primarily 
by the size and type of machine, but are 
also affected by the duration of the work, 
whether it is hard or easy, probable amount 
of idle time on the job, and the amount of 
supervision required. 

In smalt private jobs, an approximate 
estimate of total cost is usually required, 
even when working by the hour. While this 
should not include a guarantee of doing the 
work within the figure stated, it is good 
business to have it fairly accurate. 

Contracts vs. Hourly Work* A contract 
to perform a job for a fixed sum of money 
must be based on a thorough understand- 
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ing of the nature and finish of the wort by 
both the owner and the contractor. 

If good faith exists on both sides, it is 
usually easy to arrange a simple contract 
between contractors, or between a con¬ 
tractor and a man who is familiar with ex¬ 
cavation and grading. 

In making arrangements with persons of 
little or no knowledge of excavating pro¬ 
cedures, the greatest cam should be taken 
to explain both what will be done and 
what will not be done. 

If conditions are such that the contractor 
cannot readily tell the amount, kind, or 
conditions of excavation; if the amount of 
work to be done has not been determined; 
if it is not practical to clearly define the 
extern of the work and the condition in 
which it is to be left; or if the job is to 
be done a little at a time, as equipment or 
funds are available, the cost-plus or hourly 
basis will probably be the most satisfactory. 

There are several standards of hourly 
work and ways to keep track of it. 

A working hour may be the time that 
the machine is actively doing the job; the 
time it is present on the job and ready to 
work, or all the working time during which 
it is in the possession of the customer. 

Bare Rentals. When a machine is rented 
bare—without operator* fuel, or mainte¬ 
nance—the number of hours in (he work 
day are usually specified, and the charge 
made by the day* week, or month, ff the 
machine is worked overtime, extra payment 
is made on a proportionate basis. If it does 
not work the number of hours allowed, full 
charge will be made except under special 
conditions. Most firms renting equipment 
will make allowances for time lost through 
long breakdowns^ excessive bad weather, 
or strikes or male rial shortages; but the 
conditions under which such allowances 
will be made should be clearly understood 
in advance. 

In general, the lessee of bare equipment 
is responsible for all maintenance and re¬ 
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pair, and is required to return the machine 
in as good running condition as he received 
it. However, if a machine has a major 
breakdown shortly after being put to work 
of a nature that cannot be blamed on 
abuse or carelessness, the owner may stand 
all or part of the repair expense. Such 
repairs should definitely be the responsi¬ 
bility of the owner if the breakdown is in 
parts known to be defective at the start of 
the rental period. 

Rental with Operator. When equipment 
is rented with an operator, its owner usu¬ 
ally pays all expenses, including fueb lubri¬ 
cants, and repairs, Occasionally, the lessee 
may furnish fuel if he can do so more con¬ 
veniently than the owner. 

Pay for time during which the machine 
is stuck m mud is usually on the lessee, as 
it is a mishap caused by job conditions. 
However, if (he fault lies with a disobedient 
or careless operator, or if the owner has 
warranted that the machine will rot get 
stuck on that job, payment may be with¬ 
held. 

The machine is not paid for time lost 
because of mechanical failure or absence of 
the operator. However, stops for adjust¬ 
ments* minor repairs, fueling* lubrication, 
or cigarettes, which average less than ten 
minutes an hour, may be considered work¬ 
ing time if agreement is made to that effect. 

liming* Working or pay time may be 
taken from readings of electric hour meters, 
which register the time the engine Is run¬ 
ning; from mechanical counters which reg¬ 
ister engine revolutions in terms of hours 
of wide-open operation; from special check¬ 
ing by a foreman or timekeeper, from the 
lessee's job lime sheets* or from the owner's 
pay roll records. 

On operator work, it is good practice to 
check time daily and have the customer 
sign a ticket for it 

liming by hour meter leads to own¬ 
ers' operators keeping (he engine running, 
whether it is needed or not. Many jobs in- 
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volve substantial amounts of waiting lime, 
during which noise and wear would be re¬ 
duced by stopping the engine, but this 
action by the operator would penalize his 
employer and possibly himself. 

Hour meters should be checked fre¬ 
quently as they may become disconnected^ 
stop, or become inaccurate. 

Engine revolution counters are more ac¬ 
curate, and seldom get out of order, but 
when used as a pay basis* offer the added 
disadvantage of placing a premium on run¬ 
ning the engine at full throttle at afi times. 
This may make it difficult to do precise or 
fine work and will cause excessive wear, 
waste^ and noise. 

Bare Rental Prices* The Associated 
Equipment Distributors* 30 East Cedar St., 
Chicago 11, Illinois, publish every other 
year a '"Compilation of Rental Rates for 
Construction Equipment/ 1 Some represen¬ 
tative tables from the 1953 edition arc re¬ 
produced in Figures 11-4 and 11-5. 

The Foreword of this Compilation reads 
in part: 

“Rental rates vary greatly throughout 
the United States, depending on local prac¬ 
tices and conditions, and upon the use to 
which the equipment is placed- The Com¬ 
pilation of Rental Rates in no way reflects 
the "going rate 11 in any area, and cannot 
be so used. The rates set forth are national 
averages compiled from individual com¬ 
panies. 

"It is emphasized that this compilation 
is published for informational purposes 
only, and is not intended to suggest or to 
influence rates or terms of rental, 

,+ . . P conditions may cause major 
changes in the pattern of rental rates and 
practices during the interim between pub¬ 
lications/ 1 

Rental rates are strongly influenced by 
supply and demand. Companies that are in 
the business steadily usual[y maintain 
prices, but owners who rent occasionally 
may charge what the traffic will bear. 


Casual renters are influenced also by the 
amount of use they may have for a ma¬ 
chine during the rental period, and by the 
state of their bank accounts. 

It should be noted that a single machine 
might have to be looked up in several 
places to get the full price. Separate charges 
are made for a dragline and its bucket. A 
winch-equipped bulldozer would rate the 
price of a tractor plus a winch plus a dozer 
attachment. 

In spile of the difficulty of applying the 
figures to actual rentals, the Compilation 
is very 1 useful to contractors as a quick 
guide to relative costs and values of differ¬ 
ent types and sizes. 

It may also be useful in convincing sus¬ 
picious customers that excavation equip¬ 
ment does earn good pay. 

MACHINERY SELECTION 

Purchase of a machine* whether new or 
used, involves consideration of the type and 
amount of work in hand and expected, 
price and availability of suitable models, as 
well as operator skills, work habits and per¬ 
sonal preference. 

Size. The arguments about machine size 
can appropriately be restated here. A big 
excavator is more costly to buy and to 
move* and requires more working space, 
it will dig more dirt in a given time, will 
handle harder and coarser formations, and 
will show a lower cost per yard if it has 
space to work, and is teamed with other 
equipment of proper size, tl is harder to 
service and repair because of volume of 
fuel and lubricants used, and weight of 
parts. It gets stuck more easily and seriously 
in soft spots, but seldom hangs up on 
rough ground. 

When space is restricted* ground is soft, 
or other conditions are unfavorable to the 
large unit, a small machine may not only 
work at a lower cost per yard* but may 
handle a larger volume as well. 

Under conditions of equipment short- 
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age, the large unit often has a proportion¬ 
ately higher resale value than the small 
one. 

There is a steady trend toward the use 
of bigger equipment. 

New or Used? Some successful contrac¬ 
tors buy nothing but new equipment, while 


others buy only used pieces. In general, but 
not always, a new machine will have less 
mechanical trouble, and will receive better 
service l:rom the dealer, ft is more costly 
in purchase price, and in percentage of loss 
when sold, It has advertising or prestige 
value, ft may be difficult or impossible to 
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Fig. 11-5* Average renal rates for miscellaneous equipment, early 1953 


secure in the make, size, and model wanted 
within a reasonable time. 

A purchaser of used equipment should 
have a good knowledge of mechanical con¬ 
dition and current values, and must be 
alert for liquidations and other forced sales 
where good values can be obtained. Con¬ 


siderable time may be required to find a 
particular make and model at a good price, 
and haste may make it necessary to pay 
too much. On the average, repairs will be 
more costly and service less satisfactory 
than on new units. 

The expert buyer of used machinery is 
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often able to sell his purchaser at a profit, 
sometimes obtaining considerable work 
from them first. The average buyer* how¬ 
ever, will seldom accomplish this, and is 
liable to be stuck with worthless machines 
now and then. 

Hu Idler va. Tracks. Rubber mountings, 
usually provide more mobility and less 
traction and flotation than tracks* They 
offer the advantage of working over pave¬ 
ments and hard obstructions without dam¬ 
age, and can move over public roads 
without use of trailers. With some excep¬ 
tions, they are not, as maneuverable in dose 
quarters, and they are more often slowed 
or stopped by soft or slippery footing. 

Tracks arc better in the cut and at the 
bank, hut tires are superior on the move. 

Big tires are given credit for adding to 
operator comfort. They help at crawler 
speeds, but fast moving wheeled equip- 
mem on uneven ground is very rough on 
the operator, and often calls for a safety 
belt to keep him in, and a motorcycle belt 
or corset to hold him together. 

The contractor planning to use such 
machines must figure on grading equipment 
to keep haul routes smooth. 

If rubber Eired equipment is selected be¬ 
cause of its ability to travel on roads with¬ 
out a trailer, the cost of licensing and in¬ 
surance should be investigated. Some states 
license heavy equipment for a set fee of 
a few dollars. Others charge the same rates 
per pound or per horsepower as for trucks, 
which, on heavy equipment, may be a large 
sum. 

Technicalities involved in obtaining per¬ 
mits to move over-width machines may be 
so tedious as to interfere with their use. 
This is a question not only of the law but 
of the altitude of local authorities toward its 
enforcement. 

DEFECTS IN EQUIPMENT 

Criticism* Manufacturers of heavy equip¬ 
ment have reason to be proud of their 


products. Any earth mover is an intricate, 
ingenious* and practical machine, and is 
the product of years of research, testing, 
and trial and error. 

Under such circumstances, criticism may 
seem in questionable taste. But the opera¬ 
tor, the mechanic, the contractor* and the 
distributor who must keep them satisfied 
all know that most machines are far from 
perfect, and that many of their failings 
seem both stupid and unnecessary. 

The contractor cannot take it for granted 
that a piece of equipment is either well de¬ 
signed or well built, even if it is produced 
by a company with an old and honored 
name and a currently good reputation. 
Black sheep arc as common in good fami¬ 
lies as in bad. 

Few carthmoving machines are ready to 
work with full efficiency when they leave 
the factory. Correcting omissions and 
built-in mistakes of the manufacturer is 
one of the major headaches of conscien¬ 
tious equipment distributors. Necessary 
work ranges from simple but costly pro 
cedures such as hard face welding on loo- 
soft teeth and edges to elaborate recon¬ 
struction and replacements. They may 
receive partial compensation from the fac¬ 
tory for such work, but often they do not. 

Causes* Difficulty with new equipment 
can arise from poor design, poor work¬ 
manship or material, or from both. In 
regard to the first, it often seems to the 
users that if each manufacturer had in his 
employ one reasonably intelligent and open 
minded high school boy with authority to 
pass on new models, most of these troubles 
could be avoided. The writer is inclined to 
agree. 

Many defects indicate a serious gap be¬ 
tween desk and drafting room theory and 
the hard facts of working on the job. The 
question of why theory cannot grow up 
to include the facts is interesting. 

One due is that in the course of the 
years a contractor might see almost every 
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kind of manufacturer's representative, in¬ 
cluding salesmen to bother him when he 
is busy, trouble shooters to tell him that 
he is imagining his difficulties or abusing 
his machines, and even the president of 
the company addressing an association 
meeting. But has any contractor ever been 
called on at work by a design engineer 
interested in hearing what is wrong with 
equipment, and what he would like in new 
models? Very doubtful. 

However, there is no question but what 
the manufacturer has his problems, Each 
model is built to a size, weight, and price, 
and one or more of these limits may pre¬ 
vent inclusion of certain desirable features. 
Mistakes inevitably occur in translating 
plans into metah and when lens of thou¬ 
sands of dollars may be invested in pat¬ 
terns and tools to make a single part the 
temptation to make the best of its defects 
is certainly strong. 

Some of the more obvious and appar¬ 
ently inexcusable mistakes in a new model 
arise from held testing. Pilot models are 
built and used + and various defects show 
up, Corrections are made, but when pro¬ 
duction models appear secondary defects 
are found, due to the altered parts not 
working in as well as expected. By the 
time these mistakes are caught hundreds 
of the machines are at work, and correc¬ 
tions must be made in the field by the 
distributor organization. Some such errors 
are inevitable, and as long as they are 
made good with reasonable promptness, 
they should not be held against the manu¬ 
facturer. 

However* mistakes in basic design and 
in partial corrections, together with ordi¬ 
nary defects in material and workmanship, 
often add up to a machine that costs the 
contractor more in down time and upset 
schedules than it produces in work, even 
without considering the original invest¬ 
ment. The promptness and efficiency with 
which the distributor sendees the machine, 
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Fig. 11-6. Straight cut and beveled pins 

and the vigor with which he presents the 
owner's case to the manufacturer, are im¬ 
portant in determining whether such a 
"lemon” will constitute a serious loss or 
just an annoyance. 

Each contractor and operator has his 
own pet peeves about equipment. Those 
that are listed below are fair samples. 

Inconveniences. The standard method of 
fastening a detachable rig, such as shovel 
front end or a dozer shovel bucket, to the 
main machine is by knockout pins. When 
the attachment is being installed each pin 
must be put through three or more holes 
in heavy pieces, as in Figure 11-6, If the 
pin is cut straight across the ends, the 
parts must be exactly in line, However, if 
one end of the pin is extended and tapered 
it can correct considerable differences in 
alignment as it is driven through. The pin 
must of course be of hard steel so that 
it will keep its surface intact. 

Properly beveled pins will save from 
one quarter to three quarters of the time 
needed to install almost any kind of a rig, 
and may be absolutely necessary to a man 
working alone. All mechanics, operators, 
and factory field men know this, but pro¬ 
duction lines continue to put out straight 
cut pins, or those with practically no bevel. 

When a cable is being threaded around 
a boxed-in sheave, as in Figure 11-7* it 
tends to push against the back of the box 
and stop there, so that crimping and ftsh- 
int i are needed lo get it around. This an¬ 
noying difficulty is easily eliminated by 
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Fig, 11-7, Boxed-in sheave 

installing u curved plate which will direct 
the cable the way it should go. 

Such guide plates have been in use for 
m least 50 years, bul equipment is still 
coming olf the assembly lines without 
ihciTi r 

In lines hut! Designs. A four wheel drive 
bulldozer was delivered to the writer as a 
.rental- This model had been introduced 
about a year before, and was a brilliant, 
progressive piece of engineering that in¬ 
cluded many basic advances that are now 
widely copied. But if the blade was raised 
all the way, cither by the cable or by be¬ 
ing kicked up by its load, a sharp edge 
would pin the cable against ils shallow- 
groove pulley and cut four of its six 
strands as neatly as a cable cutter. Also, 
if the cable was allowed to get at all slack 
it would spill off the side of the drum and 
get in trouble. 

Correction of these detects would have 
cost ihe manufacturer less than five dol¬ 
lars. although it took a welder over four 
hours in ihe field. The factory was notified 
of the difficulties and of the simple changes 
that cured them, but for the next two years 
it continued to put out the machines in 
the same condition. The distributor made 
a routine job of fixing them over before 
delivery, as he found it was cheaper than 
answering complaints and supplying free 
cables and extra hours of instruction. 

An otherwise excellent one yard shovel 
dozer was put on the market with only 
eight ¥a inch capscrews to try to hold its 
three tons of live weight down on the 
tractor. Of course they stretched and broke 
about as fast as they could be replaced. 


Distributors who liked ro see their cus¬ 
tomers get steady work out of the machines 
were forced to reinforce the connections 
by welding on heavy plate. 

After a long time the factory worked 
out a new method involving heavy tapered 
bolts that was absolutely secure. Too se- 
cure* in fact, because there was no way 
to get it apart after it was in service for a 
while. 

A revolving shovel that was supposed 
to be able to handle a 34 yard dragline 
bucket on a 40 foot boom was produced 
for years with only four f 14 inch bolts 
to fasten the turntable to the undercar¬ 
riage, This manufacturer was sulllcicmlv 
aware of the mistake to do free welding 
on one broken undercarriage after 30 
months of service, but insisted that it be 
done the factory way instead of the right 
way, 

I his breakup cost the customer over 
5 I00Q to take the shovel apart for the job, 
put it back together, and hire a substitute 
machine, and the base broke up again in 
two years. New shovels of (his model now 
have 12 bolts and heavier bracing, im¬ 
provements that any mechanic would have 
insisted on in the first place. 

Power Controls. Power controls offer an 
interesting study in both manufacturers' 
and operators' psychology. For years the 
operator was supposed to be [and pretty 
much had to be) a tough beefy individual 
who could pull and push and haul on 
clumsy levers T crunk heavy engines, bal¬ 
ance fuel cans and funnels in improbable 
places, and do it every day, ten hours a 
day. Little attention was shown to the 
problem of making the machines easy to 
run and service. 

However, the operators apparently 
thrived. The first crawler tractors to fea¬ 
ture electric Starters, reasonably easy con¬ 
trols, and other conveniences were con¬ 
sidered effeminate and unworthy of serious 
comparison to the good old brutes, and 
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progressive models of other excavators did 
about as badly. 

But the easy way is gaining popularity* 
and power control easy-shifi transmis¬ 
sions, and other conveniences are now 
offered in great variety. However, many 
of them are of very questionable quality. 
There is (or was very recently) a small 
shovel with air controls. The valves were 
poorly balanced and jerky* and the oper¬ 
ating levers were backed by such stiff 
springs that it took over twice the effort 
to open the air valves than it did to en¬ 
gage the dutches and brakes mechanically 
in the previous model. 

Another prize package is a crawler trac¬ 
tor with hydraulic booster for the steering 
clutches, the pump for which is in the 
transmission. When the master dutch is 
disengaged, so is the booster. If the ma¬ 
chine is moving the steering clutches take 
less than a five pound pull, if it is stopped, 
over sixty pounds. And in tight quarters 
a man often needs to pull a steering dutch 
before he starts moving. The main clutch 
and the brakes have no booster. 

Easy-shifi transmissions have found 
their place even in big crawler tractors. 
However* if the manufacturer provides a 
torque converter so that only two forward 
speeds are needed, he may go back to the 
primitive bash-and-cl ash shift which with 
these heavy gears lakes far too much of 
the operator's strength and of the ma¬ 
chine^ excessively expensive time. The 
contrast between the miraculously smooth 
automatic shifting of the torque converter 
through an infinite range of speeds, and 
the crude, heavy, work wasting forward- 
reverse gear shift behind it should appall 
any designer, particularly as smooth and 
rugged reversing dutches have been avail¬ 
able for many years. 

Fortunately the torque converter is now 
teamed more and more often with trans¬ 
missions that clutch-shift on the move in 
either direction without effort, noise, or 


delay. Some of these more modern ma¬ 
chines have their troubles, particularly in 
too-sudden engagement of air clutches that 
may shock and damage the power train, 
but their production is always far higher 
than the old fashioned constructions of 
similar weight and power, and they are on 
the Tight road 

Electric Starter* The decide starter was 
standard equipment on most automobiles 
by the middle twenties, and might reason¬ 
ably have been expected to appear in con¬ 
struction machinery at the same time. 
However* it took twenty years and a 
mechanized world war to make it univer¬ 
sally available even as optional equipment. 

There never could have been any seri¬ 
ous argument about (he desirability of 
electric starting lor any machine able to 
carry 1 the extra weight and cost; fi means 
more work hours, particularly in cold and 
wet weather, and an end to broken wrists 
and strained backs from cranking. It is 
simple, and it is cheap compared with l he 
cost of a tractor or a shovel. Yet its adop¬ 
tion lagged for a generation. 

Bask Shortcomings. A very common 
mistake in design is the use of an under¬ 
sized dutch that requires frequent adjust¬ 
ment and replacement. The experienced 
repairman can frequently spot such units 
on the showroom floor. Simple common 
sense indicates that if an engine is made 
more powerful, if a tractor is made heavier, 
or if mounted attachments involve more 
dutch wear (for example, stepping up 
from □ bulldozer to a shovel dozer), then 
the dutch must be increased in capacity. 
But it often is not. 

A shovel dozer must exert its maximum 
lift at a low level in order to break its 
loaded bucket out of (he ground. One of 
the earliest designs included a bucket ihat 
could have its lip rotated upward from 
digging position, giving a powerful prying 
effect with the back of the bucket as a 
fulcrum. Yet not only was this excellent 
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construction ignored for years by all the 
big companies, but one of them after years 
of research produced a machine in which 
the hoist rams and the lift arms were 
nearly parallel when down, so that hoist 
leverage was at a minimum at breakout 
point and became steadily stronger as it 
was lifted through the air. 

On ordinary dump truck body can be 
raised to a maximum angle of around 50 
degrees, because it comes down by grav¬ 
ity, and greater lift might overbalance it 
so that it could not be lowered. This slope 
is usually adequate for easy dumping on 
the level, but works very badly with sticky 
loads and when backing up a grade. 

Big olT the road trucks have power both 
up and down in their hoists, and can raise 
to 70 degrees or more. Recent inquiry 
showed that this excellent and much 
needed feature was not available even as 
an extra price option on any popular small 
truck body, even though the design and 
construction problems are slight. 

The dump hoist pump is usually driven 
from the transmission, so that it does not 
operate when the clutch is down. The 
valve is likely to be jerky, so that it can¬ 
not be held partially open and the body 
will be lifted at full speed or not at all. 
In ordinary dumping such features arc all 
right, but when a driver is trying to spread 
a load, or to dump only part of it, they 
combine to give him a very 1 hard time and 
produce a sloppy job. Hydraulic pumps 
could be driven directly by the engine, and 
valves could readily be made to open 
gradually and smoothly, so that the driver 
could be given exact control of the hoist. 

Hydraulics. Hydraulic power transmis¬ 
sion has striking advantages over cable 
and mechanical linkages for close coupled 
attachments. It may be expected to con¬ 
tinue to widen its applications and to dis¬ 
place its competition. However, much of 
its progress is made in spite of rather than 


because of the efforts of many designers 
and manufacturers of hydraulic equipment. 

A hydraulic valve can and should offer 
a perfectly smooth transition from neutral 
or hold to fully open position. There are 
few applications where the resulting con¬ 
trol of speed is not desirable. Also, such 
a construction requires excellent balance 
and therefore provides easy operation. 
Problems of heating and turbulence can 
be solved. 

Valves that tend to jump from one po¬ 
sition to the next, or are so poorly bal¬ 
anced that thev are hard to push past 
certain points, arc fatiguing to operate and 
difficult to control, and stive hydraulic sys¬ 
tems a bad name. Yet they outnumber the 
good valves two or three to one. 

In ihc early forties most hydraulic rams 
had heavy wick packings and compression 
nuts to prevent oil leakage alone the pis¬ 
ton rods. These required adjustment only 
at long intervals, and seldom leaked. They 
were replaced by the smaller and neater 
chevron or V-paeking, and for a few years 
lots of equipment had more of its oil out¬ 
side than inside. Improvements in quality 
of the packings and chrome plating of 
piston rods finally stopped the excessive 
leaking and need for adjustment, so that 
now these packings are practically as good 
as the old type. However* the streamlined 
appearance that was gained is hardly worth 
the damage to industry prestige suffered 
during the development period. 

Designers of hydraulic equipment tend 
to be stingy in figuring range of action, on 
the basis that every inch of potential move¬ 
ment costs either money or power. This 
economy results in bulldozers that cannot 
reach down far enough to start cutting a 
ramp without backing up on a pile nor 
reach high enough to push over a tree, 
loaders that can barely get their bucket 
over the side of a truck* and scarifiers that 
will not lift out of the wav. Undersize 
pumps and rams work well when the ma- 
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chine is new, but deteriorate and fail long 
before really adequate units in the same 
work. 

Fuel Tank. Dirty fuel is one of the 
chronic troubles of engines. This is par¬ 
ticularly important in the excavation in¬ 
dustry, as much of the machinery is sup¬ 
plied from drums or tans instead of direct 
from a pump or tanker. As a result it is 
difficult to keep the fuel dear of water, 
dirt, paper, leaves, and other foreign ma¬ 
terial. 

Equipment that stands idle tends to ac¬ 
cumulate water in the tank from conden¬ 
sation. Fuel tanks of untreated metal and 
those which have been inadequately treated 
may rust and scale, thus contaminating the 
fuel. 

These unwanted and damaging extras 
are kept out of the carburetor or injectors 
hy one or more filters in the line, Their 
flow and reservoir capacity is usually small, 
so that dirty fuel will dog them frequently. 
Partial clogging results in poor perform¬ 
ance which may continue for some time 
before the cause is found. Cleaning a filter 
requires stopping the machine. 

Foreign material frequently clogs the 
fuel line between the tank and the filter, 
usually at an elbow just outside the tank, 
Such an obstruction can often be tempo¬ 
rarily removed by blowing back with air 
pressure, but eventually the line will have 
to be removed and cleaned. 

Fuel tiller holes arc often too small to 
take pour direct from a can, so that a 
funnel, which is a nuisance and a rich 
source of dirt, must be used. The filler is 
often so located that it is difficult or im¬ 
possible to empty a can into it. 

All these troubles could be cured by 
making the filler opening accessible and 
5 or 6 inches in diameter, to permit a man 
to pour direct from cans, and to reach his 
hand into the tank, A high grade filter 
could then be installed on the fuel line 
inside the tank. The tank bottom would 


serve as an ample reservoir for trapped 
water, and could be drained occasionally 
through a pctcock. The filter element could 
be replaced when necessary through the 
filler opening. No coarse dirt could get in 
the lines to plug them, and engine filters 
would very seldom need servicing. 

It is difficult to get a tight seal on a 
large filler cap. If a slight seepage of fuel 
around it were objectionable, a smaller size 
could be used, and a boltcd-on cleanout 
plate installed in the top of the tank. 

Millions of dollars worth of machines 
have limped through unprofitable lives be¬ 
cause of trouble with dirty fuel and cor¬ 
roding tanks. They would have done good 
jobs with this minor change in construc¬ 
tion, 

CAUSES OF FAILURE 

Every year many excavating and general 
contractors fail, or sustain losses that force 
them to operate on a reduced scale, or give 
up. Most of the failures arise from one or 
more of the following causes: 

Unforeseen price rises. 

Abnormal labor cost. 

Abnormal equipment breakage. 

Death or disability of owner or key men. 

Fire not adequately insured 

Liability or property damage not ade¬ 
quately insured. 

Poor accident record. 

Failure of subcontractors. 

Adverse weather. 

Unforeseen subsurface difficulties, 

Faulty credit judgment. 

Sudden restriclion or withdrawal of 
credit. 

Unavailability of materials. 

Taking on too much work for financial 
resources. 

Taking on loo mueh work for adequate 
supervision. 

Speculation. 

Diversion of funds to non-business use. 

Embezzlement by employees. 
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Some of these subjects have been dis¬ 
cussed previously, others arc of a general 
business nature and are too complex for 
discussion here. 

Two subjects of particular importance to 
the c sea vat or, however, arc accidents and 
insurance. 

ACCIDENTS 

Employees should be protected by work¬ 
men's compensation insurance. This cov¬ 
erage is usually required by state law, but 
in any case is a MtJST for any employer 
who is interested in the welfare of his em¬ 
ployees, and in his own, Non-employees 
and property of others should be protected 
by liability and property damage insurance, 
lack of which can wipe out a prosperous 
business overnight. A contractor can pro¬ 
tect his own equipment and property with 
fine and damage insurance. 

However, the possession of full insurance 
does not justify the slightest negligence in 
regard to accident prevention. For one 
tiling, the best insurance will only pay the 
more obvious costs, In small accidents that 
are most common, indirect uninsurabie 
costs may run five times as high as the pay¬ 
ments under compensation. 

Some of these expenses and losses are: 

1, Increase in insurance rates, 

2, Payment to injured employee of 
wages for period too short for com¬ 
pensation. 

3, Loss of time of other employees 
who slop work at the time of the 
accident and because of it, 

4, Time spent by foremen and super¬ 
visors in assisting injured man, in¬ 
vestigating the cause, selecting and 
briefing or training another man for 
the job, and preparing accident re¬ 
ports and attending hearings, 

5, Slowdown of job, with possible fail¬ 
ure to finish by deadline. 

6, Paying full wages to employees who 


return to work before being capable 
of performing full duties. 

7. Loss of chance for profit on man 
and his machine. 

8. Lowering of morale on the job. 

9. Possible interference with work 
methods by public officials, 

10. Unfavorable publicity. 

Prevention. The first rule in accident 
prevention is to use common sense—in lay¬ 
ing out a job, assigning machines and per¬ 
sonnel to their duties, providing adequate 
supervision without fussiness, and in setting 
up sensible and reasonable safety rules. 

Too many safety rules may be worse 
than none, Everyone of us has a limit in 
the amount of good advice we can absorb, 
and the limit is often painfully low. It is 
better to take a few important points at a 
time, and hammer them home, than to 
prepare long lists that will neither be read 
nor remembered. 

Rules should be reasonably dose to pre¬ 
vailing practice whenever possible, and 
should aim at greater rather than at lesser 
evils. A city whose streets are littered with 
newspapers and garbage should not start 
a cleanup campaign by arresting men for 
dropping cigarette butts, (But this is what 
the biggest city of them all has done.) 

Enforcement of safety rules should not 
be so strict as to cause men to fail to report 
for first aid for minor accidents, or to lie 
about the way in which they occurred, 

A worker's skill should not be taken for 
granted. In an emergency an unfamiliar 
machine might trick an experienced opera¬ 
tor into the wrong move. Judgment should 
be used in giving out ticklish assignments. 
Training and refresher programs should 
be given periodically and whenever needed, 
and reference material on proper operation 
and procedures should be available. 

Good housekeeping is important. Piles 
of junk, material, Jitter, boards with pro¬ 
jecting nails, carelessly piled bag? of ma- 
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terial or heavy parts, and accumulations of 
grease and dirt cause accidents directly, and 
also indirectly by encouraging sloppy wort 
attitudes. 

Crowding causes accidents. On a rush 
job a boss tends to jam as many machines 
and men into the work area as it will take 
without bulging, That may mean collisions, 
and collisions lose time. A man can dig a 
ditch faster alone than with a helper who 
hits him on the head with a pick. 

Piling Materials. High piles arc danger¬ 
ous piles, except loose material lying at its 
angle of repose. High piled bags or boxes 
may look all right, but only until something 
happens, and that doesn't have to be an 
earthquake. A truck running into or hook¬ 
ing a pile, or materia! leaking from a bot¬ 
tom bag. may bring a whole slack down, 
and the higher thev are, the harder they 
fall. 

Piles of bags or pieces of any height 
should be cross piled, braced at the ends, 
and stepped back from the bottom. 

In excavating, even a shallow ditch can 
injure a man seriously by caving, and deep 
ones are killers. High vertical faces around 
a cellar excavation might stay up, but it 
is safer not to trust them. Shore them up, 
and make sure the shoring is strong enough. 
Don’t just guess, have it designed and in¬ 
spected by an experienced and careful man. 

Barricades. It is not only the workmen 
who must be kept out of accidents, but also 
the public. There are sidewalk superinten¬ 
dents who like to watch the work, and are 
apt to be foolish enough to fall into it if 
they have the chance, If there is an attrac¬ 
tive danger spot, tike a cellar excavation, 
they must be fenced out. Experience has 
shown that the fence must be strong, and 
at least seven feet high. 

The fence or barricade must be secure 
itself, so that it will not fall into the excava¬ 
tion, or be left partly in space by a slide, ft 
should have windows or peep holes in it. 
They build good will for the contractor, 


and make spectators less likely to move into 
the very r dangerous truck drives that pene¬ 
trate the fencing, 

Barricades, signs, and flares can hardly 
be overdone on roadways. Any excavation 
that extends into a road, and particularly 
into a high speed highway, is just asking 
for trouble. And it is not enough to mark 
it so weli that only one in a thousand would 
fail to notice it—10,000 ears might pass 
while it is open. And the police, the lawyers, 
and the newspapers will not be interested in 
the 9999 who didn't crack up in it. Just in 
the one who did, 

lusecl Stings. Clearing and excavating 
brings men into painful contact with hor¬ 
nets, yellow jackets, and other stinging in¬ 
sects so often that it is one of the special 
risks of the business. 

While in most cases no serious injury' 
results, such stings can be more dangerous 
than is commonly realized, and they cause 
a number of deaths every year. 

They respond excellently to proper and 
early treatment, 

There are three dangers: 

Allergy to the injected poison, which will 
cause exaggerated reactions, and if 
very severe may result in shock or 
death from a single sling. 

Slings close to the eyes or other vulner¬ 
able parts, that may disable a nor¬ 
mally sensitive person. 

Multiple stings from a swarm of insects 
may produce serious poisoning, 

Most trouble comes from unexpected 
contacts, Preliminary' scouting of an area 
on foot may reveal the location of nests, 
particularly of hornets on brunches. 

When possible, such nests should be de¬ 
stroyed in advance of the work. This can 
be done at night with little danger, as the 
insects are then sluggish and nearly blind. 
Also, as they are all nested, a 100% kill 
may be effected. 
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Ground nests are eliminated by pouring 
Va or Vz cup of any DPT spray down the 
hole, then tamping dirt in the top. 

Paper hornet nests should be wrapped 
in wire screening, mosquito netting* or 
cloth, cut off the branch* and burned on a 
hot fire or kept under water for at least 48 
hours. 

The man doing this job can be protected 
by heavy clothing, gauntlet leather gloves* 
a hat or he I met, and a head-protecting 
mosquito net. The last item is the most im¬ 
portant. as face stings are painful and dan¬ 
gerous. 

Jf it is necessary to work among ground 
nests that have not been treated, they 
should be completely destroyed by pushing 
out or deep burial on the first approach. 
The insects are then disorganized and less 
likely to attack, particularly if the machine 
is kept in motion. 

Minimum protection for operators in a 
danger area is a head net. 

A man known to be particularly sensi¬ 
tive to slings should be kept on safer work 
until he can be desensitized to the poison 
by a series of shots r 

Treatment Treatment consists of stop¬ 
ping the swelling, slowing absorption of 
poison into the system, and stimulation to 
help to overcome its effects. 

Three minims (n minim is 1/15 of a 
cubic centimeter) of adrenaline, divided 
among two or more shallow injections at 
the edge of the swelling, will constrict the 
blood vessels, stop enlargement of the 
swelling* and wall off the poison- This 
treatment should be a routine precaution 
for any sting near the eyes. 

A dose of the same size injected in the 
Upper arm rallies the system for defense. 
If no "lift" is felt the arm injection can be 
repeated in ten minutes, or sooner if the 
patient is unconscious. 

These injections arc made much more 
effective by addition of equal amounts of 
Ch)or-Trime ton (strong solution] or some 


other injeetible antihistamine to the adren¬ 
aline before injection. 

Ordinarily, injections can be made only 
by a doctor or a nurse. Automatic injec¬ 
tors, known as Ampins (Strong Cobb k 
Co., Cleveland 4* Ohio) can be obtained 
through physicians for lay use in emergen¬ 
cies, The small size, filled with Vi ee of 
adrenaline (other drugs are obtainable in 
the same units) can be used for the stimu¬ 
lating shot in the arm, 

Ncphenatn (Thos. Leeming & Co.) is a 
pill used chiefly as an asthma remedy* 
which is also very effective in sustaining a 
victim of stings until he can see a doctor. It 
is held under the tongue (or five minutes, 
then swallowed. 

Jt is available only on doctor's prescrip¬ 
tion, and so must be obtained in anticipa¬ 
tion of an emergency, not after it occurs. 

Stings left in the wound should be re¬ 
moved promptly, before swelling is severe, 
by pushing sideward with a needle or pin. 
Tweezers may squeeze more poison out of 
the stinger into the victim. 

If the sling is on a hand, any rings or 
slip-over wrist watch bands 'must be re¬ 
moved at once. A dentist s drill is the ideal 
tool for cutting a ring after it is surrounded 
by the swelling. 

The most vital factor in treatment is 
quick action. Every minute of delay in¬ 
creases the extent of the injury* and danger 
of shock. Even single slings in sensitive 
people, and multiple stings in anyone, 
should have prompt attention. 

In the absence of all other remedies, 
shock from this or any cause can be re¬ 
duced by strong black coffee, taken by 
mouth if the patient is conscious, racially 
if he is not. 

Surface applications of mud or oint¬ 
ments may relieve pain, but have little or 
no effect on swelling or systemic reactions 
Use of such remedies should not be dis¬ 
couraged, however, as they satisfy the man's 
desire to "do something.” 
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INSURANCE 

Ever) 1, contractor needs insurance. 

The only questions are what kinds and 
how much. 

There are two types of insurance. One 
protects property owned by ihe insured, so 
he is paid if it is damaged or lost. The 
other protects him against claims for dam¬ 
age to other people because of his negli¬ 
gence. They are both important, but the 
second much more so than the first. 

Much of the insurance protection a con¬ 
tractor needs is required by she majority of 
business men* but there are special angles. 

To the layman, insurance policies are 
complicated and confusing. There are many 
kinds of coverage* some of them overlap¬ 
ping; and many circumstances that affect 
each type, h h important to go to a good 
broker or agent who can explain in detail 
the purpose of each policy and what it 
covers, and even more important, what it 
docs not cover. 

Self-protection. To protect his own 
property, a contractor should have fire 
insurance on his buildings and their con¬ 
tents, and separate all risk "floater" insur¬ 
ance on his equipment. Cars and trucks 
may be covered under the floater, or under 
separate motor vehicle policies for fire* 
theft, collision, and other damages. 

The building insurance is made more 
complete by extended coverage, added at 
moderate additional cost, that protects 
against damage from wind, storm, hail, air¬ 
craft, vehicles* smoke* and certain other 
causes. Vandalism, earthquake, and some 
other coverages may need special endorse¬ 
ments on the policy. It should be remem- 
bered that these* and flood damage* are 
not included in extended coverage. 

A good tools and equipment floater 
policy will protect a contractor against 
most damages to the machines—firc T theft* 
overturning, tornado, upset, and collapse 
of bridges. But riot, vandalism* malicious 


mischief> and "loss while waterborne" are 
probably included only if an extra premium 
is paid. 

Such a policy may list all pieces of 
equipment covered, or list the large units 
and lump the smaller one*. Another method 
is to declare a gross value for all the ma¬ 
chinery* and pay a premium on that If 
equipment is listed individually, there is 
usually automatic coverage of new ma¬ 
chines for a short period after purchase. 

Co mpensa tion. Work men's com pen na¬ 
tion insurance, required of employers by 
law in practically all states, and by com¬ 
mon sense and self interest in all of them, 
pays medical expenses, pan wages (as 
disability benefits) and damages to em¬ 
ployees injured on the job. Usually there 
h a period of time, such as a week* in which 
compensation pays no wages unless the 
disability extends over a longer period. 
There may also be gradations from partial 
to full compensation for time lost, as the 
no-work period lengthens. 

Premiums are based on the type of work 
and the amount of the payroll. Rates and 
requirements differ in various states, and 
a contractor working across state lines must 
take care to see that he is covered on both 
sides. 

Liability unci Properly I tamale- Liabil¬ 
ity insurance pays for injuries to people 
caused by acts of negligence for which the 
insured is liable. Property damage pays for 
similar injury to property. 

A contractor is neither a business man 
nor a good citizen if lie does not keep him¬ 
self well insured For injuries and damage to 
others. His equipment and the nature of 
his work both make it likely that claims 
will be brought against him. He cannot 
afford to be put in bankruptcy by an oper¬ 
ator's carelessness, nor should he risk caus¬ 
ing damages for which he could not settle. 

All too many contractors* and other 
business men also, think they are com¬ 
pletely insured until an accident shows a 
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hole in their coverage. This section will 
point out a few of the pitfalls, but the best 
precaution is to be friendly with a good 
insurance man, and talk to him freely about 
jobs and work methods. 

Most liability policies have a minimum 
coverage of S5QDG for injury to one person, 
and $10,000 for injury to two or more an 
the same accident. The policy covers each 
of a series of accidents in the same amounts, 
until it expires or is cancelled. Property 
damage minimum may be $1000. 

In this time of fantastically high awards 
of damages, these minimum coverages are 
much too low. Amounts can be increased 
for a comparatively small cost, and it is 
usually sound policy to carry 5100,000 to 
300,000 liability, and 25,000 property 
damage. 

fn addition to the face amount of Insur¬ 
ance, the company pays for investigation 
and for legal and trial costs, bonding fees, 
and release of attachments, which may add 
up to substantial costs. 

Exact coverages of policies vary from 
company to company and state to state, so 
the following discussion Is only a general 
guide to what might be included. 

First there is motor vehicle insurance, on 
personal and business cars T pickups, trucks, 
trailers, and on equipment that travels 
under its own power or is towed on public 
roads. This includes w heel tractors, graders, 
and self-powered scrapers. 

Rates on trucks increase with their gross 
weight. At this writing, rates on wheel trac¬ 
tors and other heavy t slow moving equip¬ 
ment are prohibitively high. Arrangements 
can sometimes be made for coverage on 
job-to-job moves under the general con¬ 
tractors’ liability. Careful investigation 
should be made of this point. 

Towing a trailer of any kind may invali¬ 
date car or truck insurance, unless pro¬ 
vided for in the policy, or the trailer is 
separately insured. If such towing of an 
uninsured trailer is rarely done, the com¬ 


pany insuring the vehicle should be willing 
to issue a special endorsement or binder to 
cover the combination for a specific trip 
or time period, at little or no cost. 

If there are a number of motor vehicles, 
economies may be affected by insuring 
them together in a fleet policy, and by keep¬ 
ing some of them on low mileage and there¬ 
fore low rate local errands. 

Contractors* Liability. There are a num¬ 
ber of classifications of liability risks for 
the contractor that can be insured sepa¬ 
rately. It is good business to lump as many 
as possible in a comprehensive policy, to 
avoid extra payments on overlapping cov¬ 
erage, and to avoid confusion. 

A comprehensive policy may cover the 
following: 

Ownership, use and operation of build¬ 
ings and premises 

Elevators 

Completed work (Products) having de¬ 
fects causing injury or damage 

Teams 

All contractual work of kinds specified 
in the policy 

Operations of subcontractors, except in 
maintenance of the property of the 
insured. 

ft probably will not cover; 

Dogs, animals, boats, aircraft, or vehicles 

Blasting 

Damage to subsurface pipes, conduits, 
and wires 

Collapse of structures caused by excava¬ 
tion or underpinning work 

Tunneling and bridge construction 

Obligations assumed for others 

Damage to rented or controlled equip¬ 
ment 

lhe first exclusion in the above list is 
made because these risks should be cov¬ 
ered by other types of policy. The next 
four are high-rate risks, and iosses incurred 
under them can be more justly paid by 


11-20 


INSURANCE 


those who do such work, than by the 
larger number of contractors who do not. 

These risks can be covered for specific 
jobs, usually only after inspection by the 
company so that it can see what it is letting 
itself in for, and set the premium accord¬ 
ingly, It ts to the contractor's interest to 
have such inspections made to obtain the 
necessary coverage; not only for his own 
protection, but because it is only the most 
experienced of supervisors who will not 
benefit from talking over a job with a good 
inspector. 

Employers often feel that inspectors are 
a threat and a nuisance, but they perform 
invaluable services both as safety engineers 
and job consultants. Contractors who will 
listen to their discussions of methods used 
on other jobs will often find that they will 
save more than the cost of the premiums 
charged and the safety procedures required. 

“Obligations assumed for others" is a 
tricky one that has caused many painful 
surprises. It is a too-common practice for 
an owner to write up a work contract speci¬ 
fying that the contractor assumes all lia¬ 
bility for everything that happens on the 
premises while he is working on them. This 
may extend the contractor's risks far be¬ 
yond the premium he pays for his own 
activities. It is much better for the owner 
to take out an owner’s risk policy for work 
in progress, and ideal if he can place it in 
the same company that insures the con¬ 
tractor. 

If this is not possible, the contractor can 
show his contract to his own company, and 
pay an extra premium for an endorsement 
to cover any obligations he has assumed 
under it. 

If such precautions are not taken, the 
results of the owner passing his responsibil¬ 
ities to the contractor may be disastrous to 
them both, as neither of them arc insured 
for the owner's risks, and both are responsi¬ 
ble for them. 

“Damage to rented or controlled equip¬ 


ment" is another joker on which many a 
contractor has tumbled, although the 
amounts involved are usually modest. Lia¬ 
bility policies arc designed to protect 
against claims for others, If a contractor 
hires a machine, it is his for the period of 
use, and is no longer entitled to be the 
subject of a claim against him. 

Coverage to protect such equipment can 
be obtained by endorsement of the liability 
policy. The extra premium is usually based 
on the rental cost. 

Rates. Insurance is priced so that each 
class of risk will bring in enough money 
in premiums to pay sales, administrative, 
and legal costs, the claims that have to be 
paid, and to leave a surplus for reserves, 
and dividends to stockholders or policy 
holders. 

An increase in losses automatically' re¬ 
sults in an increase in rates, although this 
effect may be delayed. The increase may be 
applied generally to all those having the 
particular type of insurance, or specifically 
to those whose accidents have piled up the 
claims. 

Most insurance is written on one or more 
basic rales covering a general class of risk, 
with upward or downward revision depend¬ 
ing on local conditions, and experience with 
a "particular risk or a particular customer. 

Fire insurance premiums are affected by 
how likely the property is to take fire, how 
readily and completely it will bum, and the 
availability of fire fighting equipment and 
water. A substantial drop in rates can 
sometimes be obtained by building altera¬ 
tions, digging a pond or providing access 
to it. or having a branch fife station estab¬ 
lished in the area. 

Premiums are usually quoted on a basis 
of price of S1000 of Coverage- 

Contractors' liability and property dam¬ 
age rates are extremely variable. They arc 
based first on experience with a particular 
type of work, so that blasting will have a 
higher rate than landscaping. Again, cover- 
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age for blasting in the country may be at 
nominal cost, where in a city it might be as 
high as 50% of the payroll. 

A small contractor may be just carried 
at the average of the industry. A larger 
operator will be assigned an experience 
rating, based on the number of accidents 
he has had, and how expensive they have 
been. This rating may make his insurance 
more or less expensive than that of his 
competitors, and may thus affect his posi¬ 
tion in competitive bidding. 

If the record is extremely bad. the rate 
may go so high as to make it difficult or 
impossible to stay in business. Companies 
might also refuse to write any insurance 
for him. 

The premium for compensation insur¬ 
ance basically consists of a percentage of 
the payroll expressed in terms of dollars 
per SILHJ of wages. At the start of the 
policy term, the company and the insured 
define the risks that arc to be covered, 
estimate tbe pay roil for six months, and set 
the premium on the basis of the estimate. 
Then every six months the company makes 
an inspection of the insured's books, or 
perhaps only of his payroll tax returns, and 
an additional amount is charged or a credit 
issued for any difference from the estimated 
charge. 

If a contractor has a number of different 
activities, and docs not keep separate pay¬ 
roll records for them, lie will be charged 
the rate of the most expensive coverage lor 
all of them. It is therefore to Jus interest to 
keep the different classifications at least 
roughly divided. 

Liability insurance may be assessed ac¬ 
cording to the payroll, or by the value of 
the work done during the period. Here also 
a separation should be made between jobs 
carrying different rates. 

The contractor must pay liability premi¬ 
ums on alt work done for him by subcon¬ 
tractors and by hired machinery unless he 
obtains and shows to his company certifi¬ 


cates of insurance coverage from the sub¬ 
contractors. 

BONDS 

The excavating contractor shares with 
other forms of business the danger of 
serious loss through dishonesty of an em¬ 
ployee, or employees. For a contractor, 
the loss is as likely to be in property taken 
or sold "over the fence’’ as it is money. 

Fidelity bonds of various tvpes are avail¬ 
able for protection against losses of this 
nature. 

Construction contract bonds are required 
of contractors performing work for Federal, 
state, and local governments. There is an 
increasing use of them in contracts with 
private owners, 

A bond is a three parly agreement, made 
by the contractor and the bonding or surety 
company to protect the owner, ft usually 
covers all obligations that the contractor 
assumes on the job, including completing 
the work to specification, and paying sub¬ 
contractors and employees so that no liens 
or actions can be brought by them against 
the owner. 

Three types of bonds may be involved, 
Tlie first, the bid bond, accompanies a 
hid or proposal on a job, and guarantees 
that if the bidder is given the job, he will 
enter into a formal contract to complete 
it, and will supply bonds to complete the 
contract. 

The bond supplied for the work itself 
is made up of two bonds, which are sepa¬ 
rate, but seldom if ever written separately. 
One is a Performance Bond, covering ful¬ 
fillment of the contract, the other a Labor 
and Material Payment Bond, guaranteeing 
payment to personnel, suppliers, and sub¬ 
contractors. 

These last two are drawn separately so 
(hat no question oF priority can arise when 
claims are presented by both the owner and 
those who have supplied services and ma¬ 
le rials. In the early days of bonding, the 


] I4n 


BONDS 


government had to be paid or satisfied first, 
and the others got what was left. This 
meant at least long delays, and in cases 
where Lhe bond was loo small, losses for 
the small claimants. 

In order to obtain a bond, a contractor 
must convince the company that he is com¬ 
petent to do the job, and financially able 
to carry it, hie pays the premium, usually 
not over 1 % of the contract price, figures 
it as part of Ins cost, and passes it on to 
the owner in his bid or estimate. 

Substantial all-around benefits arc some¬ 
times obtained from writing of construction 
bonds. The owner can let the contract to 
lhe lowest bidder without having to inquire 
into the question of whether he can com¬ 
plete ii T as the bonding company guaran¬ 
tees performance. The con tractor may save 
money by driving hard bargains with sub¬ 
contractors who cut their figures a little 
closer because they know they will be paid, 

11 a coniractor fails to complete lhe job 
or to pay the subcontractors, [lie bonding 
company takes over, lets a new contract to 
finish, and pays up the bills. Quite often, 
the new contract will be let to the contrac¬ 
tor who defaulted p as his equipment is on 
the job. 

The contractor is legally obligated to 
repay to the surely company everything 
that it has spent to finish his work. The 
company makes a more cooperative and 
intelligent creditor than a combination of 
an enraged owner and starving subcon¬ 
tractors, and tn most cases the contractor 


is able to work his way out of his difficul¬ 
ties, and avoid a failure that might have 
been inevitable without the protection of the 
bond. 

Unfortunately, there is another side to 
the picture. Many contractors who are 
thoroughly competent and reliable and 
have adequate resources for a job cannot 
get a bond to cover it. Potential low bid¬ 
ders may tlrus be weeded out, and work 
concentrated in the hands of a favored 
clique. 

Inability to get a bond may result from 
a poor background, lack of resources, too 
many jobs already in progress, or other 
reasonable causes. All too often, however, 
it is the result of cloudy judgment or ca¬ 
price. 

Bonding companies usually know r very 
little about construction work or the abil¬ 
ity of men to do it. Yet they are acquiring 
the power to decide which contractors can 
work and which must starve, and to med¬ 
dle with work and accounting methods. 
They work together so closely lhat a con¬ 
tractor rejected by one of them has very 
little chance of obtaining coverage from 
another. 

Requirement of a bond in private work 
is therefore often productive of injustice 
and hardship and may result in substan¬ 
tially higher costs. The owner can usually 
obtain adequate protection by exercising 
good judgment in awarding the contract, 
and by the customary withholding of a 
percentage until the job is finished. 
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LUBRICANTS 

A fundamental necessity for machine 
operation is proper lubrication. The lubri¬ 
cant provides a slippery film between sur¬ 
faces rubbing, turning, or scraping on each 
other. ITiis film greatly reduces friction and 
the wasted power, wear, and heating that 
friction causes. Lubricant may also serve 
as a cooling medium and as a barrier or 
cleaner to keep abrasive material from get¬ 
ting or remaining between moving parts. 

Oil and Grease, Lubricants arc called 
oils or greases. Oils are fluid and vary from 
the extreme thinness of penetrating oil to 
the slow flowing transmission oils, which 
are more often called greases. The term 
grease may be said to include these thick 
oils, but more specifically means the semi¬ 
solid and solid mixtures of oil with special 
soaps or fillers which give the combination 
the qualities of body (flow resistance), 
adhesiveness, pressure endurance, water re¬ 
sistance, and melting point on the basis of 
which greases are selected. 

Dip Lubrication. Transmissions and 
other gear boxes usually are partly filled 
with oil or fluid grease. Some of the gears 
arc partly immersed in this lubricant and 
carry it on their teeth to the higher gears 
with which they are meshed. Other gears, 
bearings, and splines arc lubricated by 


splash, by gravity flow of oil carried 
higher points, or both. 

The dip method is best suited to heavy 
lubricants which cling to parts enough so 
that adequate quantities will be picked up 
and transferred to higher levels. Rotation 
should be slow and construction simple 
enough so that local hot spots will not result 
from uneven distribution of the lubricant. 

When engines arc lubricated in this man¬ 
ner the crankshaft usually has projections 
which dip into the oil and splash it around 
so that it reaches all surfaces requiring it, 
An engine or a gear box may be lubri¬ 
cated partly by dip and splash, and partly 
by pumped oil. 

Many gear boxes have shaft seals made 
with Neoprene or other special materials, 
which may be attacked by chemicals found 
in some oils. The manufacturers will sup¬ 
ply a list of safe oils that do not contain 
these chemicals, and use of any other brand 
may prove very cosily. 

pump Systems, A pump may pick up oil 
from a reservoir, usually the crankcase or 
oil pan under the engine, and force it 
through the crankshaft and camshaft in 
drilled passages which have openings in 
each bearing. The amount of oil which 
escapes at each point is regulated partly by 
the size of the outlet, but chiefly by the 
closeness of bearing fit. Connecting rods 
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may also he drilled 10 carry oil lo wrisl pins, 
Paris dol reached directly by pumped oil, 
such as cylinder walls, are lubricated by an 
oil mist generated by leakage out of the 
bearings, and by dipping and splashing as 
well. All oil returns to the reservoir to be 
picked up again by the pump, 

A weakness of many of these systems is 
that the pump moves only sulfide til volume 
for normal requirements. If bearings wear 
or the oil becomes too thin, through error 
in selection or because of dilution or too 
much heat, an excessive amount of oil 
will escape at the bearings. This will lower 
the oil pressure and make it likely that the 
last bearings in the series will receive too 
little lubricant, with resultant damage. 
When the engine is idling, pressure may 
also be inadequate to reach all bearings. 
Another disadvantage of low oil pressure 
is that it may materially reduce the volume 
and effectiveness of the oil mist. 

These weaknesses should be avoided by 
using an oversize oil pump with a capacity 
in excess of any probable need. A pressure 
relief valve that will spill the excess back 
into the crankcase can then keep the oil 
pressure at a constant level in spile of thin 
lubricant, low speed, or loose bearings. 

Oil should be checked every morning 
before starling the engine, and more fre¬ 
quently if it is found to be necessary. The 
Operator should keep an eye on the oil 
pressure gauge, particularly when operat¬ 
ing the machine at steep angles that might 
interfere with normal pump action, 

Diesel l.iibc Oil. Diesel engines tend to 
produce sludge and varnish-depositing 
compounds as by-products of combustion" 
Special heavy duly oils have been devel¬ 
oped that contain detergents that keep 
these substances in suspension, rather than 
making harmful deposits. It is absolutely 
necessary that these be used instead of or¬ 
dinary motor oil. 

Such oils can also be used to advantage 
in gasoline engines. On the first filling they 


may pick up so much accumulated sludge 
and varnish as to need lo be changed very 
quickly, but this cleanout is very beneficial 
to the engine. 

Some of the heavy duty motor oils sold 
at premium prices are suitable for use in 
diesels, but the engine manufacturer should 
always be consulted before trying any 
brand. 

Detergent oils are usually recommended 
for wet dutches with metal plates or plate 
lining, as varnish deposits interfere with 
their performance. 

Dirty l)il. It is difficult or impossible to 
keep foreign materials out of oil. Dirt can 
enter an engine through outside contamina¬ 
tion of oil in cans or funnels, by the oil 
dip slick that often is so located that it is 
very difficult to avoid touching it to dirty 
parts when checking oil level, through an 
inadequately protected or improperly serv¬ 
iced air intake and then past the piston 
rings, or through an improperly protected 
crankcase breather. (When an engine pulls, 
it tends to build up pressure in the crank¬ 
case, when it decelerates or holds back a 
load by compression a vacuum may de¬ 
velop which will suck air in. These effects 
are very slight in a new engine and increase 
with wear of piston rings and cylinders.) 
Carbon may work down from the com¬ 
bustion chamber and metal particles may 
appear from anywhere, A machine whose 
engine pan gets in the dirt, such as a trac¬ 
tor, may take in some of it through holes in 
the oil pan or past a defective seal on the 
rear main bearing. 

Pump systems may be protected by fil¬ 
ters. There is usually a screen at the pump 
intake, but this is a comparatively coarse 
mesh which is useless against the finer par¬ 
ticles that cause most of the extra wear. 
Of more importance are the line filters 
which contain replaceable elements of fiber, 
cloth, or paper, or permanent ones of 
closely spaced metal discs or porous stone. 

The difficulty with most filter systems 
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is that the filter is located in the return line 
from the shafts to the reservoir. Also, they 
are frequently so hooked in that they will 
filter only part of the oil How. 

As we have seen, all serious sources of 
dirt in engine oil put it in the crankcase 
first, A particle may be put through the 
system several times before it happens to 
get in the filter If it escapes through a 
bearing it may re-ctrouble dozens of times, 
each time taking a little metal out of the 
bearing, the shaft which rides in it, or 
both Small particles, fine sand size and 
smaller, are likely to stay active much 
longer than coarse ones. If highly abrasive, 
like sharp silica particles, a fraction of a 
teaspoonful may cut a big engine to pieces 
before it is filtered out. More damage may 
be done in a few hours or even minutes 
than in years of normal operation. 

The logical answer to this danger is to 
place the filter between the pump and the 
engine, and to make it of sufficient size to 
filter all the oil going into the engine pas¬ 
sages. The pressure gauge, if lapped into 
the line after the filter, will give warning of 
any clogging sufficient to reduce oil flow, 

Dirt may get in a gear box through de¬ 
fective seals on shafts, from cans or fun¬ 
nels, from dirt dropped in while removing 
filler plugs, metal grindings, and suction 
caused by temperature changes. Thick oil 
and leisurely turning of the parts allow 
most of this material to settle down into 
a sump that should be provided just above 
the drain plug, where it will be largely 
drained out while changing oil. Some parti¬ 
cles, however, will remain in circulation, 
damaging parts with every passage through 
them. 

Since oil is changed in these units at long 
intervals, and breather plugs, if any, are 
small and easily serviced, the most serious 
contamination comes from metal filings. 
These are produced very slowly if the unit 
is in good condition, and more rapidly as 
bearings wear and shafts and gears get out 


of line. A large quantity can be perma¬ 
nently taken out of circulation by using 
magnetic drain and check-level plugs, which 
will hold them until removed for cleaning, 

The only cure for dirt in a dip or splash 
system is to change the oil. This should be 
done when the unit has just been operat¬ 
ing long and fast enough to warm the oil 
and pick up the dirt. It is a good plan to 
follow draining by putting in a thinner oil, 
running long enough to give it a chance to 
wash all parts, then draining that. 

Grease- Pressure fillings must be greased 
at least as often as recommended by the 
manufacturer. Under unfavorable condi¬ 
tions, as when seals are defective, wear 
has created abnormally wide clearances, 
or there is unusual exposure to dirt or 
water, greasing should be more frequent. 

Hinges which must work in the dirt, 
such as track pins and bushings, last longer 
if run dry than if lubricated. 

In general, better lubrication is afforded 
by a little grease often than by a lot now 
and then. It is more effective at prevent¬ 
ing the bearing or joint from running dry 
at any lime, and at preventing entrance 
of dirt. 

After dirt has worked into a solid bear¬ 
ing (bushing) it can often be pushed out 
by heavy greasing. Cleaning is most com¬ 
plete if the unit can be rotated while grease 
is forced in. Even if it is not possible 10 
eet all the din, it is seldom desirable to 
disassemble it for cleaning, as the value 
of the parts and the amount of damage 
from the dirt is not likely to justify the 
labor cost and lost time. 

If there is no seal, and both the shaft 
and the bushing are hard steel, plugged 
passas.es can be opened and dirt and old 
grease forced out by removing the fitting 
and exploding a blasting cap deep in the 
preasc passage. 

' Ball and roller bearings are very vulner¬ 
able to damage by dirt. They are usually 
protected by seals. If dirt gets in one the 
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'machine should be stopped and the bear¬ 
ing iaken out and cleaned, as otherwise it 
will be destroyed very quickly. 

The type and quality of grease is im¬ 
portant. Slow moving solid bearings or 
bushings operating under light load will 
function well with almost any grease, but 
best results and longest intervals between 
greasings are obtained by using a type 
thick and sticky enough to stay where it 
is needed. High speeds require heat and 
pressure resistance to enable a thin film 
of lubricant to persist at spots or lines of 
extreme pressure, to avoid channeling or 
gouging it away from the places where it 
is most needed. The wiping action of worm 
□nd hypoid gears will dean ordinary lu¬ 
bricants ofT the tooth surfaces. 

If the location is hot, a grease which 
does not soften and run out at high tem¬ 
peratures is required. If there is exposure 
to water, water resistant grease having the 
other necessary qualities should be used. 

Incidentally, the thick waxy grease used 
in older type water pumps is a service 
man's best friend for keeping bolts and 
nuts free of corrosion. It keeps threads 
oily and easy to turn for long periods if 
put on the threads before connecting* and 
smeared on the outside afterward. 

If greasing is done too generously or 
too often* so that more lubricant is sup¬ 
plied to a bearing than it can use, damage 
of various types may be caused. If the 
seals arc of a type that will not permit the 
passage of grease* the tremendous pres¬ 
sure built up by either hand or air guns 
may destroy the seal, or deform or burst 
the casing. 

If the grease escapes readily it will 
build up around the casing, and if in large 
quantities, will run down onto other parts 
of the machinery or to the ground. It will 
combine with dirt and trash to make a 
nasty mess, and may ruin clutch and brake 
linings. 

One "all purpose* 4 lubricant can be used 


for a variety of applications, but seldom 
provides as good lubrication as specialized 
greases. However, the simplification of lu¬ 
brication they make possible often means 
more regular and conscientious greasing* 
so that the net result is much better. 

Hand i^uns. The majority of hand grease 
guns now in production are the lever type. 
Figure 12-1 shows a typical example in 
cross-section. The cylindrical barrel has a 
smooth inside finish. The metal piston with 
leather seals is pushed toward the head by 
a light spring. The follower rod is used to 
pud die piston back against the spring when 
refilling by suction. The collar groove in 
the rod permits locking it in the back posi¬ 
tion. 

The head contains a fitting through 
which grease can be pumped into the 
reservoir, and a passageway from the reser¬ 
voir In lo the nozzle tube. A piston actuated 
by the hand lever moves up and down in 
this passage in which a ball check is 
located. 

When the piston is pulled up, grease or 
air In the tube is prevented frpm following 
it by the check. This leaves a vacuum so 
that when the passage to the reservoir is 
opened, grease is sucked into the passage. 
The grease h urged in by the pressure of 
the follower spring, and by atmospheric air 
entering the barrel around the follower rod 
in the back cap. 

When the piston is moved down it blocks 
the reservoir passage, then forces the grease 
down and compresses The check spring so 
that the grease can flow past the ball into 
the tube. When the piston is raised* the ball 
reseats itself and the passage refills from 
the reservoir. 

I he small piston and the comparatively 
long lever enable this gun to develop pres¬ 
sure up to 10,000 pounds per square inch. 
Most nozzles and fittings ore designed to 
take 20,000 pounds pressure. However, the 
seals and casings of the parts being lubri¬ 
cated will often bend or break at less pres- 
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Fig. 12-1. Lever-type hand gun 


sure so caution must be used when forcing 
grease into them. 

The gun may be filled in three ways. The 
easiest is to pump grease into it through 
the fitting in the head casing from a loader 
pump. Precautions should be taken against 
pumping in air with the grease. 

If there h no loader fitting, or no loader 
pump is available, the head casting is un¬ 
screwed, the head of (lie barrel cleaned and 
pushed well down in the grease supply, and 
the follower arm drawn back slowly. If 
the grease is thin enough to flow t it will be 
sucked into the barrel. It may be necessary 
to move the gun around in the container to 
prevent air from entering. When the fol¬ 
lower is fully back it is locked with a 
sideward mot ion > the head screwed on* and 
the follower released. It is good practice to 
keep the grease in a warm place to keep 
it soft enough to flow. 

If the grease cannot be pumped or 
sucked into the gun, it may be put in with a 
small paddle and air kneaded out of it If 
is difficult to avoid air pockets with this 
method. 

Air in the grease may form a pocket in 
the passageways that will prevent the gun 
from working. The block may be tempo¬ 
rary until the air is worked out. or 
permanent if the gun is worn enough to 
allow it to return beside the piston into the 
reservoir. 

Air takes much longer to get through 


the head than the same bulk of grease. 
However, many times a gun is said to be 
air locked when the trouble is partly or 
wholly foreign matter which prevents the 
ball check from seating properly. This 
allows grease or air to be sucked into the 
cylinder from the outlet tube on the up 
stroke, and pushed back into it on the down 
stroke. 

In cither case the cure is to disassemble 
the unU + clean it, and pack it with fresh 
grease. 

The outlet tube consists of a piece of W* 
pipe, or of equivalent size flexible hose. 
Pipe thread is used. Any of the standard 
couplings can be attached to this. 

Thick grease may not feed properly in 
this type of gun f as combined atmospheric 
and spring pressure may not be enough to 
make it flow. St may be persuaded to work 
by tapping or by heating. Best results may 
be obtained if the follower piston is so 
built that the rod can be locked to it (as 
in this example) so that pressure can be 
applied while pumping. 

A special gun may be obtained in which 
the grease is forced along the gun by twist¬ 
ing a threaded follower. 

A small dab of grease is usually left on 
the Zerk or hydraulic fitting us the gun is 
pulled off. This should not be wiped off 
until the fitting is to be greased again, as 
it protects the grease passage against dirt 
that would otherwise lodge in it 
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Button head fittings can be wiped dean, 

they have no dirt-catching opening* 

AsphiiJMSasc Lubricants, Exposed gears 
on revolving shovels, various other types 
of open gearing, and sometimes wire ropes, 
may be lubricated with an asphalt deriva¬ 
tive, known under various trade names, 
and recognizable by their tar-like appear¬ 
ance. 

In its natural state it is too hard at or¬ 
dinary temperatures for use in any type of 
grease gun or dispenser. It is applied by 
heating, then pouring it in a thin stream on 
revolving gears or painting k on stationary 
ones with a brush. 

The most convenient way to handle it is 
to heat the original container, usually a 
thirty-five pound pail + and pour it into a 
number of small cans. One can is kept 
ready for use by hanging it or resting it 
on the exhaust pipe or manifold. 

At least one brand is supplied mixed 
with a volatile solvent, so that it can be 
applied without healing, and hardens on 
the gears as its carrier evaporates. 

Small amounts of either type should be 
used often, as most of a heavy application 
runs or works off in a few minutes. The 
surplus builds up hard deposits underneath 
that may interfere with the gear or with 
other machinery below. Such accumulations 
are very difficult to remove* particularly 
when combined with dirt. 

Asphalt-base lubricant cannot be re¬ 
moved from skin or clothing by ordinary 
cleansers. However, it is readily softened 
by lubricating oil and can then be removed 
by wiping or washing. 

ADJUSTMENTS 

Tracks* Crawler tracks, whether of the 
shovel or tractor type, give longest service 
if kept at correct tension. If too tight, the 
hinge pins will operate under excessive 
load, and wear rapidly. If too loose, there 
will be extra and unnecessary motion in 
the hinges in the upper section when go¬ 


ing forward, and in the bottom when back¬ 
ing against a load. Slack may rub against 
and wear through final drive cases or 
other machine parts. Danger of jumping 
the track is greatly increased. 

In general, a track is correctly adjusted 
if there is a slight SEig in the (op section 
when the machine is or has been moving 
forw ard. If there is an upper support roller, 
it should be possible to pry the iraek up 
from it an inch and a half to tw r o inches- 
The total sag permitted in a long track is 
greater than in a short one. A new track 
may be operated with more slack than an 
old one that Is more likely to come off. 

Adjustment on a trsictor is made by 
moving the idler forward to tighten or 
backward to loosen the track. All the more 
common arrangements involve a single 
large holt threaded into a nut or socket. 

Turning (he bolt is excessively difficult 
except on new machines. Dirt w r orks into 
[he threads and cements the pieces to¬ 
gether, The hexagon grip is usually diffi¬ 
cult to get at, and (he wrench that comes 
with (he tractor is likely to be both a poor 
fit and poor steel. It may not allow a long 
enough arc of turn, so that an additional 
wrench with a dilTcrcnt handle angle is re¬ 
quired, A good quality wrench is often a 
sound investment anyhow. 

A heavy pipe is used to extend the han¬ 
dle to obtain leverage. 

A very few manufacturers are intelli¬ 
gent and considerate enough to enclose 
the adjustment in a case or to seal it 
against entrance of dirt, so that the threads 
can be kept dean and oiled. Tracks so 
equipped are almost always easy to ad¬ 
just. 

It is good practice to anticipate the time 
of track adjust men I for a few days, and 
apply penetrating oil and perhaps some 
rust-buster liquid ahead of time. These 
fluids also help at the time of adjustment. 
Heating the nut or socket with a torch 
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wiH usually crack the dirt bond and per¬ 
mit turning. 

Shovel tracks are usually adjustable at 
both ends, and each adjustment uses a 
pair of bolts, one on each side of the 
wheel The idler is moved to adjust the 
track only, the bull wheel to adjust both 
the track and the drive chain. Nuts are 
usually lugged* and the special wrenches 
are better than those that come with trac¬ 
tors. 

Care must be taken that both sides of 
a shove! wheel are adjusted equally* as if 
the wheel is cocked sideward* it will tend 
to climb out of the track. 

Exireme difficulties are encountered 
with stuck adjustments. It is good practice 
to wrap all exposed threads in rags, and 
keep them well oiled. Sometimes packing 
with stiff water pump grease will keep 
them in usable condition. 

Shovel tracks get considerable wear 
when the machine is standing still as the 
machine tends to move back and forth on 
them as it digs. Keeping the chains to the 
rear on a dipper shovel and to the front 
on a hoe and a dragline minimizes this 
damage. 

Tractor tracks take their worst beating 
in sharp silica sand and in deep sandy 
mud. High speed also increases wear out 
of proportion to the extra distance cov¬ 
ered, Such damage can seldom be avoided, 
but it should be considered when pricing 
a job. 

Track chain life can usually be length¬ 
ened by turning pins and bushings ISO* 
before the bushings wear through or by 
building up the worn parts of bushings 
with medium hard steel 

Both track rails and rollers tend to wear 
more on their outer than their inner edges* 
eventually producing a slope that encour¬ 
ages the track to run off at the slightest 
excuse. In this situation building up or 
replacing either the track or the rollers 
gives only a doubtful temporary cure. For 
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a thorough repair tracks, rollers, and idlers 
must be fixed all at once. 

Special machines are available that will 
turn a roller as it is built up by welding, 
to obtain a layer of uniform thickness and 
keep the roller round. This work is not 
cheap, as the insides are to be taken out 
first to avoid heat damage, but it is usu¬ 
ally less expensive than replacing the roller 
shell. 

Shovel dozers* and usually bulldozers 
also, are equipped with roller guards. 
These are plates extending from the track 
frame down almost to the track shoes, and 
serve to keep dirt and stones from sliding 
onto the track during turns. They should 
be replaced as pan of a track and roller 
overhaul, as they give valuable protection 
which diminishes as they wear down 

Clutches and Brakes, In most machines, 
a mechanical clutch or brake should not 
drag when released, and should not slip 
when engaged. Exceptions are cushion 
clutches which will slip a certain distance 
under a shock load before re establishing 
a solid connection, and safety clutches 
which will slip rather than transmit enough 
strain to break parts. These units save 
damage to machinery and cables from 
sudden increase of load or hilling obsta¬ 
cles. 

Friction clutches on excavators and 
cranes are sometimes adjusted so that they 
will not carry the full engine power to the 
load* either to cushion shocks, to prevent 
overloading of the boom or cables, or as 
a safety precaution against picking up a 
tipping load. Except in light work, this is 
likely to result in excessive slippage, heat¬ 
ing* and wear. In addition* it usually re¬ 
quires loo-frequent adjustments* to keep 
on the hair line between dangerous slip¬ 
page and solid engagement. 

Brakes which have increased leverage 
as the pedal nears the bottom of its range 
are sometimes left loose to reduce the ef¬ 
fort of applying. This is a dangerous prac- 
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tice r as healing of nn external brake, or 
reduced friction between lining and drum 
from seepage of lubricant, or oilier causes, 
may cause a complete failure to hold with 
the pedal down to the floor, which would 
not have occurred if a higher peda] posi¬ 
tion permitted further movement. 

Some dutches and brakes will chatter 
under certain circumstances, often when 
only partially engaged. This nuisance is 
usually caused! by defective design, but it 
may be caused or aggravated by gum my 
linings, out-of-round drums, and wrong 
hook up or looseness in the linkage. The 
condition should be corrected if possible, 
as it is fatiguing to the operator makes 
delicate crane or grading work difficult or 
impossible, and causes or hastens crystal¬ 
lization and failure of shafts, cases, and 
dutch parts. 

Jt often happens that a machine has 
clutches and brakes which work easily and 
smoothly when ncw t hut which gradually 
degenerate so as to require excessive ef¬ 
fort. Relining, turning down of drums, or 
routine overhaul may fail to restore their 
efficiency. In such cases, the trouble may 
be in some adjustment which is repeatedly 
made wrong. More often, it is lost motion 
in the linkage. A tiny looseness at each 
clevis and pin, inside the clutch, in its 
connections with the pedal or lever p and 
weakening of arms so that they twist may 
be sufficient to destroy the delicate bal¬ 
ance which is necessary for proper func¬ 
tioning. Complete rebuilding or replace¬ 
ment of the linkage may restore efficiency, 
at less expense than frequent stops for 
adjustments, and shutdowns for relining. 

A dry clutch or brake should be kept 
free of oil and grease. If any accidentally 
gets on the lining, it can usually be washed 
oil with naphtha (this is preferred (o 
leaded gasoline because it is less likely lo 
leave a deposit). However, the grease may 
soak in so far that it will take repeated 


washings, alternating with sufficient use lo 
heat it up. 

After grease soaking, or from oilier 
causes, lining may acquire a hard or 
gummy surface which persists in spite of 
cleaning. Sprinkling with fullers' earth, a 
finely powtlered clay which can be ob¬ 
tained in drug stores, will often restore 
effectiveness temporarily and repeated ap¬ 
plications may keep the lining usable un¬ 
til it wears out. It is most conveniently 
applied with a rubber bulb syringe, an¬ 
other drug store item. 

Pounds pressure or pul required to re¬ 
lease a properly adjusted clutch is often 
specified in instruction books, but meas¬ 
uring this resistance is difficult in the field 
or the average shop. Fortunately* exact 
compliance with these directions is not 
vital. Pull can he estimated, but the im¬ 
portant thing is that the clutch should not 
slip under the operating conditions pre¬ 
vailing. TT it does slip, it should be ad¬ 
justed immediately, dcadtined* or at least 
demoted to lighter or slower duty until 
adjustment is possible. 

If there h no further adjustment in 
either the clutch or linkage* lining or 
plate(s), the clutch friction parts should 
be replaced immediately* as unnecessary 
and expensive damage may otherwise he 
done to pressure plates and other parts, 

A test for slippage is made by slow en¬ 
gagement of the clutch under heavy load 
in high gear. 

Backlash. Backlash (play in a drive 
line) in splines, a jaw dutch, between the 
teeth of meshing gears, or between a 
sprocket and a roller chain* can be both 
annoying and destructive. If in a shaft it 
can be eliminated by repairing or replac¬ 
ing worn universal?, tightening flange bolts, 
and building up or replacing jaw clutch 
teeth. Gears can be moved into closer ad¬ 
justment, or replaced. If large and crude* 
teeth may be built up, Jn sprocket chain 
combinations, the chain frequently needs 
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replacement, but it h good practice to 
repair or replace the sprocket at the same 
timc T to avoid tpo-rapid wear on the new 
chain. 

Such work will increase efficiency * and 
cut down breakage costs. 

Reinforcement. Excessive twist of frame 
members in service causes crystallization 
and fatigue in the metal that may result 
in early breakage. The amount of stress in 
a heavy piece of steel can be determined 
exactly by a $50,000 machine, or almost 
as satisfactorily by smearing it with mud, 
subjecting it to load when it is half dry, 
and watching the cracks. 

Experience with a particular model or 
type of machine often indicates the need 
of reinforcement before placing it in serv¬ 
ice. The average bucket lip or tooth has 
a much longer life if it is weld-surfaced 
with a hard rod before it is used, and if 
the surfacing is renewed before wear gets 
into the softer metal beneath. 

Dump truck frames are often reinforced 
by fish plating. The point of greatest stress 
is between the body and the cab. The 
usual flat reinforcing fishplate may not be 
satisfactory because it reinforces against 
vertical stresses only, and twist is an im¬ 
portant factor in failure of frame mem¬ 
bers. Use of angles or channels produces 
better results. A channel inserted and 
welded in the frame channel is the pre¬ 
ferred method. Fishplating should extend 
along at least two feet of frame, prefer¬ 
ably three or more T and should be securely 
welded top and bottom. Bolting or rivet¬ 
ing weakens both the frame and the plate. 

The rear cross member may require 
strengthening also. Any type of fishpbting, 
or welding a heavy pipe between the frame 
members immediately ahead of it, should 
give sufficient support. 

Reinforcement is most easily installed 
before the body is mounted, and most ef¬ 
fective before the frame has been strained 
by carrying heavy-loads. 
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Fig, 12-2* Wire rope cross sections 

CABLE (WIRE ROPE) 

Cable, or wire rope, is one of the most 
important materials or parts used in exca¬ 
vation machinery. There are many types 
for different uses, but most of them are 
made up of carbon steel wires wound into 
strands, and strands wound with each other 
to make cable. The strands arc wound 
around a center or core, which may be an 
additional strand, a miniature cable, or a 
rope made of sisal or manila. The wire core 
is stronger and more resistant to crushing, 
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Fig, 12-3, Wire rope lays 

but is less flexible and resilient than the 
hemp. 

A cable is designated by its size, by the 
grade of steel wire used in it, as to whether 
it is preformed, by its lay, the number of 
strands not including the core, and the num¬ 
ber of wires in each strand. 

A widely used construction is the 6 x 19 
that is, six strands of nineteen wires each. 
The wires may be all of one size, or of two 
or more sizes. Additional wires, to a total 
of 25 per strand, may be added without 
changing the 6 x 19 designation. See Figure 
12-2. . Each construction has a name, often 
the name of the designer of the particular 
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Fig- 12-4. Winding on drum 

type. Variations in flexibility and in resist¬ 
ance to crushing and to abrasion are ob¬ 
tained. Small wires are desirable when the 
cable is subjected to sharp bending; large 
outer wires when it may be rubbed and 
chafed. 

Lay. The lay of a wire rope is the direc¬ 
tion of twist of the wires in the strands and 
the strands in the cable. Four standard lays 
are illustrated in Figure 12-3 + The right 
and left designations indicate'the direction 
the strand takes in crossing the top of the 
cable as it winds away from the observer 
In regular lay the wires in the strands are 
twisted in the opposite direction from the 
strands in the cable. In Lang lay the wires 
and the strands both have Lhe same twist. 
In practice, the difference is that the Lang 
lay has better fatigue resistance because 
of the Hatter exposure of the wire, but it 
has a Tendency to untwist unless both ends 
are held. 

Under conditions where coarser outer 
wires are needed to obtain resistance to 
abrasion, Lang lay may be used in order 
to regain some of the bending fatigue re¬ 
sistance lost by using the thicker wire. 

In the field, this is commonly Interpreted 
to mean that Lang lay has inherently bet¬ 
ter abrasion resistance than regular lay, 
but when the same size outer wires are used. 
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the difference is negligible except under cer¬ 
tain special conditions. 

Right lay is the usual construction and 
is recommended for overwinding on a dram 
when the anchor is on the left, and for 
underpin ding when the anchor is on the 
right. Left lay is preferable for overwind¬ 
ing from the right, or underwinding from 
the left. This is because the cable, when re¬ 
lieved from strain P tends to twist slightly as 
if to unwind its strands, and if used a5 
advised above, this twisting will cause the 
wraps on the drum to hug each other, in¬ 
stead of loosening and spreading apart. 

To determine whether a drum is over¬ 
winding or underwinding stand behind it, 
looking along the outgoing cable. If it takes 
off from the top or near side of the dmm, 
it is over; if the bottom or far side, under. 
Sec Figure 12-4, 

Grades, Several grades of steel arc used 
in wire rope. The two most suited for exca¬ 
vation machinery are plow steel and im¬ 
proved plow steel, The improved variety is 
about 15 percent stronger than the plow 
steel, which in turn is considerably stronger 
than the mild plow and traction steels used 
in elevator cable, stationary guy ropes, and 
highway guards. 

The table in Figure 12-5. gives the 
strength and weight of various sizes of 
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Fig, 12-5. Strength and weight table, 6s 19 
fiber core wire rope 

wire rope. Size is measured as in Figure 
12-6. 

Wire, Cable wire is still and springy. In 
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Fig, 12-6, Measuring wire rope 
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Fig, 12-7. Seizing wire rope 


ordinary non-preformed construction, if 
a wire is cut or broken the ends will 
straighten and project from the rope sur¬ 
face at an angle. These ends cause extra 
wear to sheaves, drums, and other wraps 
of cabtc, and will cut unprotected hands. 

if such a cable is cut or broken, the 
wires and strands will untwist for several 
feet or yards on each side, unless bound 
(seized) or damped. 

Preforming. Preformed cable is made of 
wires which are shaped so that they lie 
naturally in their positions in the strand 
and the rope. They show little tendency to 
stand out from the surface or to unravel 
when cut. 

Preformed cable is safer to handle than 
the straight wire type and is more resistant 
to fatigue caused by working over small 
sheaves, or around sharp angles. It is rec¬ 
ommended for use in most excavating ma¬ 
chines, and is replacing the older type. 

Seizing, Wire rope is manufactured in 
long pieces that are cut into shipping 
or working lengths by the manufacturer, 
dealer, or user. 

Cable formed from straight wire should 
be firmly bound fseized) with soft iron 
wire in two to four places on each side, 
before cutting. This process is illustrated in 


Figure 12-7. A tighter wrap can be ob¬ 
tained by holding the loose end of the wire 
under some tension and twisting it onto the 
rope with bar, as in 12-8. 

Large cables require more and tighter 
seizing than small ones. 

Seizing wire should be thin enough so 
that the cable end will go through a socket 
or damp easily. If difficulty k> experienced, 
the cable and binding can be flattened with 
a heavy hammer. 



Fig. 12-8. Tight-wrapping seizins wire 
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BENDING 


Preformed cable is usually bound only 
when it is to be placed in a poured socket, 
or is lo be stored or rough!)' handled before 
use. 

Culling, The best tool for cutting is an 
oxy-acetylene torch, as it is quick and easy 
and will weld the ends, prevent raveling, 
and reduce strain on the seizing. Next 
choice is a regular cable cutter, which is a 
concave chisel in a vertical guide, I he 
cable is placed in a groove under the edge 
and the chisel struck several times with a 
heavy hammer. An ordinary cold chisel may 
also be used. 

Standard bolt cutters will be damaged by 
the hard wires. A hacksaw is rather tedious 
to use. It will work best if fitted with blades 
designed for use on hard steel. 

I tending. Wire rope is very flexible, but 
repeated bending causes the metal to lose 
its resiliency and break, usually first in indi¬ 
vidual wires, producing a weak spot that 
finally breaks under strain. Sharp bends, as 
around small drums and sheaves, are more 
damaging than gradual bends around large 
ones. Large cables, and cables made up of 
coarse wires, are most damaged by bend¬ 
ing, Reverse bends break down the wires 
faster than two or more bends in the same 
direction. The damage from bending is 
largely fatigue in the metal, but is increased 
by wear and nicks on the wires from fric¬ 
tion between them. 

Wire rope manufacturers recommend 
that drum or sheave diameter be 45 times 
the diameter of the cable to minimize bend¬ 
ing stresses. Unfortunately, it is impractical 
to build excavating machines up to these 
standards, and ratios vary from thirty down 
to ten or below. This results in a generally 
short life for cable, and in some cases it is 
more economical to use a small rope which 
is not strong enough for shock loads, rather 
than the recommended size which is so 
damaged by bending over small sheaves 
that it fails quickly. 

Crushing. Wire rope is damaged when 
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Fig. 12-9. Fleet angle 
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Fig. 12-10. Rope capacity of winch drum 

wound unevenly on a drum and placed un¬ 
der strain. The wraps of cable crush and 
kink each other. Tn many machines the 
working end of the rope does not stay in 
line with the drum so that a device of pul¬ 
leys or rollers, called a fair] cud, must be 
placed between the drum and the work to 
line the cable up for smooth w inding on the 
drum. 

Fleet angle. Figure 12-9, is the maxi¬ 
mum angle made by a rope with a line 
perpendicular with the drum. It should not 
be more than \ l A degrees if the drum is 
smooth, or 2 degrees if it is grooved. It can 
be reduced by increasing the distance be¬ 
tween the drum and the guide sheave. 

Kinking, Cable is severely damaged by 
kinking which occurs when it is pulled tight 
while it has a loop or twist in it To avoid 
this damage it should always be unwound, 
not lifted, from a reel or coil. A reel should 


be set so that it can revolve as the cable is 
pulled ol! it. A coil should be untied, the 
outside end laid on the ground, and the coil 
rolled away, leaving the cable extended 
behind it. 

Sometimes a coil will get tangled while 
rolling. In this case the ends should be 
pulled through the tangle when necessary 
and walked around to unwind where possi¬ 
ble and laid out fairly straight on the 
ground. One end should (hen be twisted 
oppositely from the obvious kinks while 
jerking it up and down so that the reverse 
twist will get to them. If the cable is short 
enough so that the far end can be Hipped 
free of the ground, this alone may straighten 
it without hand twisting. 

Lubrication, Wire rope needs a lubricant 
to minimize friction between the wires. The 
manufacturer lubricates it thoroughly and 
for short cables in continuous use this is 
sufficient- However, if it is to lie idle for any 
length of time it should be oiled or greased 
to avoid rust damage. Also, if it wears shiny 
in use it should be greased for the sake of 
the sheaves as much as that of the cable. 

Safety Factor* The safety factor in rope 
is the ratio between the pull required to 
break a new cable and the load it carries in 
service. Safety factors of three* fivc p or bet¬ 
ter in relation to normal pull* are recom¬ 
mended. A shovel with a five ton pull on a 
drag cable should use one with a tested 
strength of fifteen to twenty-five tons. This 
safely factor alltows a margin for shock 
loads, which may be several times normal 
load for a moment, and permits the rope to 
conlinue working after some of its wires 
are weakened and broken. 

Highest safety factors are required for 
suspended loads over or near people or 
valuable property. 

Cable life is prolonged and required mar¬ 
gin for shock loads is reduced in excavator 
service by (he use of a torque converter in 
the power train, in spite of the increase in 
torque at the drum shafts. 
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Capacity. Drum capacity may be calcu¬ 
lated according to Figure 12-10. 

CABLE SYSTEMS 

Fitting* and Anchor*. In general, cable 
ends require some sort of clamp or fining to 
attach them to the power source or work, 
A variety of these is shown in Figures 12- 
11 and 12-12, 

The connection between the wire rope 
and the fitting may be secured by clamps, 
wedges, or fillers. 

The standard clip, or cable clamp, con¬ 
sists of a U-bolt, a saddle, and two nuts. 
The cable is doubled over on itself, and tiu. 
two thicknesses squeezed between the U 


and the saddle by tightening nuts. The 
urooved inner surface of the saddle has a 
better grip than the U, and is therefore used 
on the live or working end of the rope. 

There arc also heavy duly types of dtp 
that use two identical saddles with rough 
inside surfaces, and can be put on from 
either side. 

Two or more clips are used, the number 
increasing with the diameter of the cable. 
They afford a good grip, but arc tedious 
to install and remove and occupy too much 
space for some uses. 

The wedge socket jams the cable jn too- 
small grooves in the outer surface of the 
wedge and in the inner suface of the socket, 
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Fig. 12-12. More cable linings 


The cable is wrapped around the wedge 
which is tapped into the socket. Pull on the 
cable pulls the wedge farther, Lightening the 
connection. 

This device is best suited to excavator 
and other cables whose ends are more or 
less fixed, and which have to be removed at 
intervals. It is too bulky for many applica¬ 
tions, 

A poured (filled) fitting consists of a 
conical socket attached to an eye, loop, 
hook, or other device. It is installed by put¬ 
ting the end of the rope through the small 
end of the socket, fraying it out like a 
brush, removing the hemp center, if any, 
and lubricant or other foreign matter. 


Molten zinc is then poured in the socket. 
It hardens, holding the individual wires in 
their expanded position so that they cannot 
be pulled through the small end. 

Babbit and lead arc loo soft for use in 
these fittings unless the load is to be ex¬ 
tremely light. 

Broken chains can be repaired by hot 
forging of new links or by using special re¬ 
pair or connecting links, two types of which 
are shown in Figure 12-13, 

Such links are purchased assembled and 
separated by driving a chisel or a very 
sharp screwdriver between the pieces. This 
is most conveniently done in the shop. 

If the links to be connected have pulled 
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out of shape it may not bo possible to get 
the repair pieces through them. Such a link 
can be opened up by placing it on a block 
with a hole in it, and driving a big punch 
through it. 

A good repair link is somewhat stronger 
than a standard chain link, 

POWER PLANTS 

The majority of excavating and hauling 
machines use gasoline or diesel engines. 
These are called internal combustion en¬ 
gines because fuel is burned inside the same 
unit that turns the shaft. They were given 
the name to distinguish them from steam 
engines, which burn fuel to make steam 
and then pipe the steam to an engine that 
converts it to usable power. 

Gasoline and diesel engines have many 
things in common. They bum a mixture 
of air and fuel, turning the heat of their 
explosive combination into pressure against 
a piston on a crank that turns a shaft. They 
must use clean air and clean fuel, keep a 
film of oil on all moving parts, should be 
kept at an even temperature by a cooling 
system, and usually have a throttle to regu¬ 
late speed. Industrial engines such as are 
used in excavators have a governor that 
automatically opens and closes the throttle 
to maintain proper speed. 

Air Filter. Dust must be filtered out of 
air taken in by an engine to prevent it from 
wearing moving parts by scratching and 
grinding them and from building up gummy 
deposits by combining with the lubricating 
oil. Excavating machines work on dusty 
jobs so often that it is particularly impor¬ 
tant that they have good filters that arc 
properly cared for. 

The standard industrial air cleaner as¬ 
sembly includes a vertical intake pipe 
equipped with a dry pre-clcaner at the top 
and an oil or wet type cleaner at the bot¬ 
tom. One engine may have two or more 
intake pipes and cleaners. 

The pre-cleaner takes in air from be¬ 


neath and gives it a rotary motion by pas¬ 
sing it over inclined vanes. The whirling air 
climbs around the intake pipe inside of the 
inner wall of a hollow case dosed at the 
bottom, and at the top makes a sharp U- 
turn to got down the pipe. The spinning 
and the abrupt change of direction throw 
all the heavy particles against the outer wall 
of the case at the top, from where they 
settle down into the hollow in the case. A 
sight glass on one side permits the operator 
to see how much dirt has accumulaied. 
Whcn the line is about halfway up on the 
glass, he stops the engine, unscrews a wing 
nut on the holding bolt, removes a cap and 
then the outer case, and turns it upside 
down and shakes the din out of it. It is 
then replaced, with care that the gasket 
between the cap and the case is seating 
properly. 

At the bottom of the pipe the air stream 
is turned sharply upward, blowing across 
the surface of an oil pool and through a 
maze of oil-covered wire. Particles remain¬ 
ing in the air after the first cleaning are 
caught by the oil. The oil reservoir should 
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be cleaned and refilled and the filter mesh 
cleaned and re-oiled frequently. 

If the oil level is low the velocity of the 
air going past it will be reduced 1 so that 
more dust particles are left for the filter, 
which will dog rapidly. If the oil is high, 
too much of it may be picked up in the air 
stream, and some might reach the engine. 
In diesels, the oil will bum in the cylinders 
and ns its amount is not controlled by the 
governor, it may accelerate the engine 
beyond its rated speed and damage it 
seriously. A ‘"runaway” can be stopped by 
shutting off the air supply by means of a 
valve that is usually part of the regular 
shutoff mechanism, or by putting the ma¬ 
chine In high gear and stalling it with an 
overload. 

Altitude. High altitudes reduce the 
power of all internal combustion engines. 

This is because the air becomes less 
dense as height above sea level increases. 
The engine therefore draws in fewer mole¬ 
cules with each stroke, develops lower 
compression, and has less oxygen to com¬ 
bine with fuel. Two cycle engines suffer a 
smaller decline up to about 10,000 feet, 
because their blower feed packs more air 
in. 

Installation of a supercharger on an 
engine to be used at high altitudes may 
restore or increase its sea level power 
However, the same engine with the same 
supercharger would show increased power 
if taken down to sea level. 

Engines to be used entirely at high alti¬ 
tudes should be specially constructed and 
adjusted. 

Fuel. The standard fuel for industrial 
gasoline engines js of course gasoline. 

This is usually the "regular’ gasoline 
supplied for automobiles. It includes a 
small quantity of tetraethyl of lead, a 
poisonous compound that reduces tendency 
to knock, and or other chemicals to im¬ 
prove performance; together with a dye to 


give warning of the poison, or to identify 
make or quality. 

Gasoline is classified by octane rating. 
Octane is an excellent fuel in ami-knock 
characteristics, and is given a 100% rating. 
Heptane is a poor anti-knock fuel and is 
given a 0% rating. The octane number 
of a gasoline is the octane percentage in a 
mixture of octane and heptane which it 
matches in antiknock value. 

Commercial range now is approximately 
85 to 90 for regular gasoline with additives, 
91 to 95 for premium quality, and 100 to 
115 for aviation gasoline. 

The treated and dyed gasolines are per¬ 
fectly satisfactory in industrial engines that 
are used regularly. However, in machines 
that are seldom used, such us a compressor 
owned by a contractor who seldom blasts, 
or a pump with an owner who is lucky 
enough to do most of his work dry, gasoline 
evaporates in the carburetor and iines t leav¬ 
ing a gummy deposit that may interfere 
with starting and operation, and is a nui¬ 
sance to remove. However, white gasoline 
may be very difficult to obtain. 

The chief objection to “doped’* gasolines 
on the job is that they are poisonous* and 
may be very irritating to the skin, so they 
should not be used to dean parts, and re¬ 
quire special care in handling. The lead 
may enter the body through the skin or 
lungs and cause cumulative poisoning, simi¬ 
lar to painter’s colic, 

Leaded or doped gasoline cannot be used 
in engines equipped with the catalytic type 
of combination muffler and exhaust scrub¬ 
ber. 

Gasoline engines can also be run on com¬ 
pressed butane gas, and on various special 
fuels available in oil production centers, 
Special tanks, carburetors and other equip¬ 
ment are needed. 

The standard fuel for most diesel en¬ 
gines is fuel oil (diesel oil or diesel fuel 
oil), a petroleum distillate somewhat heav¬ 
ier in body and less Inflammable than 
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Fig. 12-14. “Souped-up 11 diesel on the highway 


kerosene. It is almost non-volatile st ordi 
nary temperatures Commercial diesel fuel 
is usually #2 fuel oil. 

Its ignition quality is rated by cetane 
number, and should be between 35 and 60. 
With varying amounts of adjustment and 
preparation, some diesels can bum much 
heavier fuels, even crude oil and the 
bunker C residue oils. Particular problems 
in handling these may include a heating de¬ 
vice to make them fluid. 

Many dieseb cannot use kerosene or 
gasolsnc because they depend on fuel for 
lubrication of moving parts in the fuel sys¬ 
tem. Any of them may have trouble with 
gasoline due to pre-ignilion, or vapor lock 
in the fuel lines. 

In any grade of fuel the most important 
requirement is cleanliness. Many fuels con¬ 
tain sulphur and other corrosive chemicals 
in sufficient quantity to damage pumps and 
injectors. Any of them will have more or 
less foreign matter that absolutely must 
be strained out, as the close fits in a diesel 
fuel system will not tolerate any solids. It 
is customary to have both primary and 
secondary filters, and often a final one at 
each injector. 

Second grade fuel usually increases down 
time and maintenance expense. 


Smoke, The diesel is normally a clean 
burning engine, as the cylinder is charged 
with more than enough air to bum the 
maximum amount of fuel injected. It has 
a big advantage over gas engines in that the 
exhaust is almost free from carbon mon¬ 
oxide. However, it does exhaust some 
bad smelling irritating and moderately toxic 
gases, that prohibit its use in poorly ven¬ 
tilated places unless an efficient exhaust 
scrubber is attached. 

In view of its generally clean-burning 
characteristics, it is unfortunate that so 
many diesel trucks trait clouds of black 
smoke behind them, to the annoyance of 
everyone on or near the highway. This 
nuisance is caused by injecting more fuel 
than the engine is designed to use, so that 
the mixture is too rich. 

Excavating machines and off-thc-road 
haulers almost never show black exhaust 
smoke, while all too many highway trucks 
put on a good imitation of a coal burning 
locomotive firing up. Smoking is an indica¬ 
tion of fuel being wasted, oil being con¬ 
taminated with sludge, and exhaust valves 
and mufflers being damaged by contact 
with still-burning gases. For this reason, 
any alert foreman or operator will send for 
a service man if he sees a dirty exhaust. 
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Some of the smoky exhausts seen on 
highways indicate defective pans or adjust¬ 
ments which w ill be fixed at the next service 
stop. Most of them, however, are a result of 
a driver or mechanic “souping up ,+ or “hot- 
rodding" the engine by tampering with in¬ 
jectors or pumps, or replacing them with 
oversize ones designed for different service, 
Some increase in acceleration or power may 
be obtained, as the hydrogen in the fuel 
gets more BTUs out of the available oxygen 
than the carbon can, but the wasted fuel, 
damage to the engine, and nuisance to the 
public far outweigh this advantage. 

If a diesel has any tendency to smoke, 
it will do so at wide open throttle, and par¬ 
ticularly when lugged down below its nor¬ 
mal operating speed. Since the same 
quantity of air is drawn into the cylinder 
regardless of throttle setting, it follows that 
the mixture becomes richer as the throttle 
is opened and more fuel is injected. At 
be low-norm a I speeds, the slower piston 
stroke allows a considerable part of the 
heat of compression to be absorbed by the 
cylinder walls, and the resulting lower tem¬ 
perature Hame docs not use as much of the 
available oxygen as at higher speeds. 

Starting. Diesel engines are started by 
cranking in much the manner of gasoline 
engines. However, since they depend on 
heat for ignition, cold starting presents a 
special problem. Hand cranking is impos¬ 
sible unless some device to relieve compres¬ 
sion is used, and is impractical in any 
case. 

Unit injection engines usually are cranked 
by an electric starter motor, powered by 
batteries. Voltages range from 12 to 32 
or more. Motors are usually so constructed 
that they should not be used continuously 
for over 30 seconds, after which they need 
a minute or two to cool off. This is an un¬ 
fortunate weakness, as whatever heat has 
been generated in the engine also dissipates 
during this period. 

Electric-cranked engines usually need 


some help to start when temperatures are 
below freezing. This is particularly so if 
they are worn so that compression is poor. 

The cold-starting device that appears to 
be most popular (with manufacturers at 
least) is injection of ether starting fluid into 
the intake passage. A dispenser or primer 
pump is mounted on the dash and con¬ 
nected by very fine tubing to a hole drilled 
in the intake. The pump chamber may he 
filled by pouring ether from a can, or by 
puncturing an ether capsule inserted in it. 
The pump handle is operated while the 
starter is used, so that vapor from the 
highly volatile ether is carried into the com¬ 
bustion chamber. It has a much lower Hash 
point than fuel oil, and so will be fired by 
compression at a comparatively low tem¬ 
perature, igniting the injected fuel oil and 
turning the engine. 

One difficulty with this device is the 
nuisance of getting, keeping, and using the 
ether. The capsules are preferable, as loss 
from leakage and danger of explosion are 
less. This fluid Is so volatile and so flamma¬ 
ble that it cannot even be stored in some 
localities, and it must be kept well away 
from heat, flame, and sparks, 

Another trouble is that the tubing is so 
hne that it is easily damaged by vibration 
or accident, or closed by accidental pinch¬ 
ing. The pump may not work properly. The 
tube may have drained so that by the time 
fresh ether from the pump reaches the air 
passage, a low battery may have delivered 
its last kick, Better average results are ob¬ 
tained by lifting the pre-cleaner body off the 
intake pipe, opening the capsule into the 
pipe, replacing the cleaner, then cranking 
the engine. 

A preheater is often supplied for cold 
weather diesel starting. This may resemble 
a miniature furnace-type oil burner inside 
the intake passage. There is u spark plug, a 
nozzle, and a dashboard hand pump. The 
spark is switched on. fuel is forced out the 
nozzle and is ignited and the engine is 
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turned with the starter. The burner heats 
the air going into the cylinders. It consumes 
some oxygen, but usually not enough to 
interfere with combustion in the cylinders. 
The principal drawback is that mechanical 
difficulties, particularly shorting out the 
plug with fuel oil, and failure of the pump 
to operate, may prevent it from working 
when most needed. 

Sonic preheater effect can be obtained by 
removing the pro-cleaner and directing the 
flame of a blowtorch down the intake pipe 
while cranking. The long distance to the 
cylinders causes the loss of a large part of 
this heat, but effects are usually good. 
(Note—don't ever do this with a gasoline 
engine, as it not only is dangerous, but it 
wets the spark plugs with condensation.') 

Ether and a preheater must NEVER be 
used at the same time, as a serious explo¬ 
sion in the intake passage may result. 

Many diesels, particularly those with pre- 
combustion chambers, must be started by 
an auxiliary gasoline engine. This is 
mounted next to the diesel, and drives it 
through a clutch and gears. The clutch is 
disengaged, the gas engine started by hand 
cranking or preferably with an electric 
starter, and run until it is warm. Cooling 
systems may be connected so that it warms 
the diesel at the same time. 

The drive gears are then meshed and the 
clutch engaged, so that the diesel is turned 
over by the gas engine. It is customary to 
have a “start” position on the throttle, that 
will admit air but will not supply fuel. This 
permits smooth warming up without danger 
of running fast enough to damage the 
kicker engine. Finally the throttle is moved 
to operating position, and the clutch and/ or 
gears disengaged. 

This reduces the problem of starting the 
diesel to one of starting the kicker engine, 
hut unfortunately this is often difficult. One 
precaution is to stop it by shutting off the 
fuel, rather than the ignition, so that gaso¬ 
line will not be left in the carburetor and 


lines where it will evaporate and leave resi¬ 
dues of lead, dyes, and other foreign ma¬ 
terials, White gas, if obtainable, is to be 
oready preferred even with this precaution. 

Controls for use of the auxiliary' engine 
may be complicated and confusing, so that 
sometimes it is left connected and is se¬ 
verely damaged by over-speedmg when the 
diesel is revved up. An over-runmng dutch 
or a starter-type drive would avoid this 

danger. , , 

One diesel is equipped with a carbu¬ 
retor through which the intake air can be 
diverted. An extra chamber with a spark 
plug can be connected to the main com¬ 
bustion chamber by opening a valve, or 
shut off from it by closing it. 

To start cold, a change-over lever is 
moved to starting position, opening the 
auxiliary chamber to reduce compression 
to 6 l A to 1, route air through the carbu¬ 
retor, and turn on the ignition. The engine 
is then started in the conventional manner 
bv usina choke and starter. It is run long 
enough “to warm up the cylinders; the lever 
moved to shift to diesel operation, and the 
diesel throttle opened to the desired setting. 

Many engines seem to start best when 
turned over by rolling, pushing, or pulling 
the machine rather than by using a starter. 
It is a very good plan to leave equipment 
in such position that it can be readily 
towed if necessary, as this may save hours 
of monkeying around with adjustments 
that might better be left for a slack time. 
Coasting down hill is a good means of 
starting, and a crawler machine may be 
backed up a steep pile, and started next day 

on a run of a few feet. 

One of the few disadvantages to the in¬ 
creasing use of torque converters in tractors 
and trucks is that the slippage makes them 
difficult or impossible to start by towing. 
For cold climate use, the installation of a 
lockup dutch to allow solid drive might be 
justified on this ground alone. 

In freezing weather a small quantity of 
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alcohol, 18® or 200 proof, should be put 
in the fuel tank daily. This prevents water 
from freezing in the lines* and enables some 
of it to mix with the fuel and go through the 
filters and engine without causing trouble. 
The tank should be filled at the end of the 
day to keep condensation at a minimum. 

Oil Drag* There are four factors that 
make cold weather starting difficult—the 
extra heat required to raise fuel-air mix¬ 
tures to the ignition point, the slower vapor¬ 
ization of fuel (particularly important with 
gasoline), the dmg of thick cold oil on all 
parts, and the lowered efficiency of cold 
batteries. 

The oil drag can be very serious. In gen¬ 
eral, thinner oils should be used in cold 
than in warm weather, both to reduce drag 
and to supply better lubrication. If condi¬ 
tions are severe, or particular machines are 
hard-starting, it is a good plan to put a 
small quantity of gasoline, one or two 
cups, in the crankcase oil filter tube just 
before shutting down. The engine should be 
turned over afterward just enough to mix 
the oil and gas in all its parts. 

This will thin the oil so that drag will 
be greatly reduced the next morning. As 
soon as the engine warms up, the gasoline 
will evaporate rapidly, returning the oil 
to its proper viscosity. The gas vapor will 
escape through the crankcase breather pipe, 
and if it has a filter element in it, danger 
of fire from this source is negligible 

Wet Distributor. The problems of start¬ 
ing gasoline engines are well known. How¬ 
ever, Lhere is one excellent trick that has 
not received the publicity it deserves. 

Difficulty in starting, and even stalling 
out of engines that are running can be 
caused by moisture inside the distributor 
cap. This moisture may be water that leaks 
in, or that condenses like dew on the in¬ 
side because of atmospheric conditions or 
because of the outside of the cap being 
eluded by splashed water. 

A tittle carbon tetrachloride (used in 


Pyrene lire extinguishers and as a non¬ 
explosive dry cleaning fluid) will imme¬ 
diately separate the water from the cap 
and float it. The fluid can be dumped 
oul, the cap replaced immediately, and the 
engine will start unless it suffers from 
other ailments. 

Gasoline can be used in the same way* 
but it is not as efficient, and must be dried 
out before replacing the cap h to avoid 
danger of explosion. 

Spark plugs and ignition wires can be 
dried quickly by squirting carbon tetra¬ 
chloride on them with a fire extinguisher. 

Boosters. A battery charger is a good in¬ 
vestment for a contractor, particularly in 
cold climates. 

Small trickle chargers or boosters for 6 
or 12 volts can be bought for less than 
$20 in auto supply and mail order stores. 
Maximum charging rates are 4 to 10 amps, 
so that several hours are required to pro¬ 
duce results. They are used chiefly for 
overnight and idle time day charging. No 
damage is done by leaving them on after 
the battery is charged. 

Service station type units with output 
sufficient for quick charging cost S50 or 
more, but will easily repay their cost on 
many jobs. 

High voltage systems usually have two 
or more 12 volt batteries which can be 
detached and charged separately, 

A booster cable set is made up of two 
insulated heavy wires similar to battery 
cables, w r hich have clamps at each end. 
They can carry current from a good bat¬ 
tery to the connections on a weak one, 
without removing either from the machine 
or vehicle. 

One wire connects the two positive bat¬ 
tery terminals, the other the two negatives. 
Both batteries should be the same voltage 
rating. They work together to turn the 
starter. As soon as the engine runs the 
booster cables are removed. 
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This section is made up of technical 5 statistical and advisory material contributed 
by equipment manufacturers and associations. 

Some of the production information has been gathered by them in 3956, while 
other parts date back as far as 1949, Figures are largely averages of actual field 
production, but in some cases are calculated from time and motion studies. W ork- 
ing conditions vary so widely that averages cannot be safely applied to any specific 
job. Changes and refinements in equipment may have changed its production 

characteristics by the time that this is read. 

Because of these factors, the figures serve for general information only, «md 
should not be used directly in estimates of production or cost, nor in comparison 

of different makes and models of equipment. 

Unless otherwise stated, production is figured on good digging and hauling 

conditions* and on a 50 minute hour. 
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Shovel and dragline performance 60 minute hour 
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Scraper production graphs 
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APPENDIX 


SECTION 1 - OUTPUT 
JO SCRAPERS 

Many contractors rely heavily op their past 
experience for estimating output of scrapers, 
ouUdoaers, elc . From previous jobs they have 
been able Co formulate in their Q^*n minds cut- 
pilt yardage* fOf dlife rent six.es of equLpm t -nt and 
hiu! length*. Experience La a very definite 
itiet for any contractor bidding a job - yet ex¬ 
perience 1* not a Lin ay £ enough. The contractor 
who baa the ability to figure * job mathematically 
and adjust his calculations in accordance u ylh 
past experience will probably be Lean likely tu 
misjudge a job than one who relies only on hia 
past experience, 

TIME CYCLE 


There is no mystery concerned i«lth dirt 
moving operations,. There are four separate 
function s to ac c ampl Le h in any type of d i rt moving 
operation and these are: 



wO£mnv |<3 CYCLE 


fiumplE, if the scraper# are running on i six 
minute time cycle with a pusher time cycle of 
1.5 minutes (one minute to load plus 0,5 minute 
for pusher tractor to return to start of push) 
then gne pusbef-Lrac tor could assist four scraper 
outfit* in loading, Thia would be a balanced 
cquipment COfttbinalion. 


i. mg Or Load 
t. Haul 

1, Dump or Spread 

4, Return 

When the equipment had completed these four 
function a, it ha* completed a cycle. If ft take* 
five minutes to make this complete cycle, then 
we have a five minute time cycle O t 1 1 complete 
cycles per hour. II the equipment delivers ID 
cu., yd*, of dirt each cycle then in one hour it 
moves 12Q cl±. yds. 11 the operating expense for 
the equipment plus cost cl supervision and profit 
amount a lo $12.00 per hour, then the dirt is 
moved at a cost of IQ cent* ptT tub!c yard. 

A LI dirt moving Operation* are commun in 
that you Dig-Haul-Dump-Return Lo complete a 
cycle. From the common band spade operated 
by manpower to the large scraper or dragline 
jobs, these four functions ire ever present. In 
some gpe rations the dfvimay be transferred from 
the digging machine to a nuttier machine for trans¬ 
porting such a* a power shovel load Log into truck#. 
In other Ope ration a the digging machine I* also 
the carrier such as the tractor and scraper or 
power shovel s*hen the dirt ia moved a short 
distance within dumping teach ul the dipper. 

PUSHER LOADING 

In 4on^ job operations * pusher tractor ia 
required toassist loading the SC Taper. To deter¬ 
mine the number of scrap era one pusher tractor 
can handle. It Is necessary to know the time cycle 
for both cor*per ootfit and pusher tractor. For 


11 in the same example. OFIC pusher LracEOr 
used for loading five Scrapers. the equip¬ 
ment would be unbalanced and Ihe scrapers VNOuid 
be held up ■waiting for pusher assistance. It is 
better Lo figure the time cycle In favor of the 
pusher tractor so that the pusher tractor may 
have lo wait for the scraper rather than hive 
Lhr more expensive scraper outfit wait for the 
pusher. 

General Contract 

The contractor bids his complete job accord¬ 
ing to Ihe Subdivision* as listed Mi the bidding 
blank under the heads of C LEAKING, DRAINAGE 
STRUCTURES. ROUGHGRADING, etc. When ho 
COVTles to the point of estimating Ihe rough grading 
there is certain iniormition that is ,piecessary 
for him Lo have. He gets hi* information Irom 
Lhe plan* and checks it by going over the job to 
see what the actual condition* are. 


PAY LOAD 

Payments for earth vtork are generally made 
on Ih* basis ol solid or bank measure, l.e. earth 
taken ftom the cut, When earth!* removed I r on 
the cut it " p awella 4 ' or Increases in volume. As 
the earth enters the scraper it breaks up into 
chunk# and voids are introduced. Therefore a 
ruble yard of earth in the cut or hank will occupy 
m larger volume in the scraper. After compaction 
Ln the fill the earth will generally occupy less 
volume than It did In its original sUt*, This Is 
termed shrinkage. 


Scraper output 
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BALANCE POINTS 

After Aiulyzlit£ the CHlditkini at IIie general 
contrlct. you will [uid tjui the jfib is divldd 
into several different haula uliieh 4i-e generally 
designated as “b*Uncr points.** A btlincc pOfni 
is where Ihe amount of dirt in a cut equal* the 
amount of -compacted dirt in X- ill El From this 
descj-k,ption. ychi can see that the general CM' 
tract is divided into sever* 1 small dirt mfluirg 
jobs. 

In some cases to equalize CUl&nd fill muter!*!, 
it is necessary to- "berrw" material, In these 
eases borrow pits are established and material 
ii hauled from the borrow pit to the fill- 1« 
other eases where there ia an excessive cut 

with little fill required, ft la necessary t 4 *■ spoil** 
f ome of the ma te rial. In these ca so s the ma te rial 
is excavated from the cut and deposited in a 
M spoil bank, 1 * In my cusr the eontraetor is 
always paid on the amount of exoavo-tioq from 
cut or borrow pit and is never paid UFt the ambuni 
Of fill. One exception to this method of payment 
la U,5. Engineer levee wurk where the basis for 
payment is volume in th? 1111 compacted *» 
specified in contract. 

AVERAGE HAUL 

This is the length of haul from the center of 
gravity of the cut to- tbe center of gravity of the 
fill as Ulus S rated ifi the following Sketch, 



On most jobs there U a limit as to the length 
or dsslanoe that the contractor Is required to 
haul Ihedlrt from the rut to the fill without addi¬ 
tional payment per yard above his regular hid 
price. This is called the -‘free haul* di6t-ne*L 
“Over haul" is chr excess haul above the free 
haul limit, Thi* varies in different states aiwt 
generally xn item is allowed for any haul beyond 
the free haul distance to be hid on a cubic 
y*rd-atalion* 1 basis where a station equals H3G 
feet. 

type OF DIRT ( TABLE 11 

It k« necessary to hnnw the hind of din in 
each balance point, first to determine if the dirt 
i* of a type which can be handled by a scraper. 


7«blr I 


A J'PROX. PERCERtaSt OT CAkRlElf LDO-0 TO STRUCK 
Cat'atlTT TOP VAHYING CLASStS OF UATEPUL 

FOR X-TlTSMaTLVG PUJiP»U 
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and second, to classify the dirt in accordance 
with Table L to determine the factor louse in 
estimating the payload, and the weight nf the load 
for selection of the proper gear for hauling. The 
pay load is the number of “In pla-Cfc * 1 yard* of 
d|rt hauled in each SCXaperload. Tht tisse of the 
load obtained by a scrape r and the swell or 
hulking of the dirt varies with the type of material 
being handled. Both of these factors are com¬ 
pensated lor in the table. 

Table 2 


TYPES OF HAULING ROADS 


A. Ordinary ground conditions which give good 
support to the unit. 

p, Wet clay or soft ground conditions. 


Arty type of surface not specifically Listed can 
undoubtedly be placed in nh* of these classifi¬ 
cations with reasonable assurance that the re¬ 
sults will be sufficiently accurate for estimating 
purposes. The letters A and B appearing in any 
of the appended txbUa refer in every case to 
these major classification*. 


GROUND CQNPITION5 FflK HA DL ( TABLE l ) 

The tractor ^peed la Affected by the condition 
of the ground over which the load is hauled. 
Ground surfaces ere classified- in Tabie_£,. 

1-0 A PING TIME { TABLE 3 } 

The factors that affect the loading time are the 
type ofdirt.lhe length of *ut. gride of cut. tractor 
speeds avaiEable, and the uaeof pusher tractors, 
A tractor and scraper will obtain it* maximum 
Load in each type of dirt, according to the load- 


Scraper output (continued) 



























APPENDIX 


Table l 


! APPROXIMATE TIME REQUIRED TQ LOAD 
SCRAPERS ON THE LEVEL 

Tractor -Sc caper Combinations 

Time 

TD-1S and Bwlli 

i Min, 

TO-14 and 0-17OA 

1 Min. 

TP--21 *od B-2SD (without pusher) 

1-1/4 Min. 

TD-i4ntidB-£S0 with TD-M pusher 

1 Min. 

Npte^ In the above, illguancf s Mve been made 

for slippage Of the tractor treads, bulking, of the 

material and ability of scraper lo toad 
in different mate-rials* 

to capacity 


ir UI ibilUjf oflhc pArikukr^ af k np» r With 
Chlr Information Gh Enle t fm |LamL Tm(un and 
lh# digging action ot Ent* * r fi* t Lena I Scr4pek-j 
ha** bauble to Ml up Table 3 ,»hich ahpw& the 
approximate time required to tc*d. A&towariCea 
have hfCEHTtfde for slippyge of thftraciar tread *j 

bulking of she material, ability of tenper to 
load Iff capacity in different matofiila and other 
factor*. The effect of loading -up a grade la 
generally neglected betiuae it i* customary Efi 
Load down grade if possible, thereby obtaining 
lh* brnefit of the added weight of the lF*£tor to 
4**iat in Loading. n h safe f* that rg 

one will attempt to Joad upa grade that the iractof 

rannnt negotiate with a loaded scraper, 

MAULING TJME 1 TABLES 4, S, b j 

The Lime FieCeSi+ki-y lu haul a load from the 
cut ed the fjSL it determined by the length of the 
MuL and hy I hr speed *t which t he Erarlor develops 
aufELcEeriihbrsepov.fr to haul the Loaded scraper, 
The speed df haul is affected by the condition at 
the ground over which the load ii hauled, the 

*l*e of the load, and the grad?* encountered, 
that fs. 5 a he I her Muling IS Oh Ibf level, up hLIL, 
or down hill. 

A scraper which i* "balanced" Lo the IhcLoj 
so that the iracEor will Mul that scraper in high 
gear over good,, level ground conditions, is 
called a haL.in.red unit. Such a scraper U cgi|- 
llrpeted As light II possible Iti perform Ihe work 
required in order to ebmi.na.to *hy excessive 
weight which ^ffuld reduce Ihe pay load Ihe 
tractor is cipabtr of Muling. 

7k. Table \ is arranged to sbow Ihe drawbar 
pull required In Mu] empty and loaded Sc rapers 
tin level roads. 


b. Table 5 gives the drawbar polls available 
for the different sires of interna (tonal incion 
and the speeds iMt can be obtained with these 
pulls. Knowing ihe drawbar pull required (from 
Table 4) then the speed Df Mul can be determined 
from Table l > both fbr empty and Loaded ac ra per Ik 

C. Table & ahffWS the add it Lena 1 drawbar pull 
needed for each 1% of grade This additional 
pull must be added lo the pull required on the 
level before tractor speeds are determined from 
Table 5. 


BOWL FACTOR 

The bowl factor is the percentage of carried 
Load to the struck fa pacify and will vary depend¬ 
ing upon type Of material loaded, 

APPROXIMATE OUTPUT CAPACITIES 

TtableT I ---- 

ApprgxJmiLe outputs in ou. yd*, per hour for 
th* different scraper* are shown in T*ble 7, 
These outputs were calculated- assuming the 
scraper working in CilSS £ mat*rial and Ihe 
loading and hauling on a Level Class B road. 
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An example for calculating the hourly output 

for specific conditions is shown Mtow. 

Example 


Length of Haul 800 feet 

Type of \Taferjal ***- — . Clay 

Haul Road . —Soft and rutted 

Gt*d* of haul rfind——— 

Semper ..— fto L7QA 

Tractor —— .. TD-24 


Scraper output (continued) 



































SCRAPER OUTPUT 


Table I shews clay listed m "Class 2 Hi ma¬ 
terial with a bawl factor of H5%. Therefore, cu. 

yds, hauLed per trip equals struck c*p*cily r4tkilg 

□f straprr time* .85. or (16 * l 8&)= ct, yds. 

Table l shown hauling road as l, B", 

Table 3 gay eft the loading lime a E ene m inule , 
(to addillnn (o loading time, one-half miniate is 
flowed for turns.) 

Table 4 give* tbe ibs r pull rained lo pull 
both empty and Loaded scraper a on Ihe level. 
For ‘B 1 ' haul road afid CUll 2 material, 7.310 
Ibi.drawbar pull ift needed to pull loaded scraper 
urn the Level, aftd 3 d 230 lbs. drawbar pull ia re¬ 
quired to pull the scraper empty. 

Table 6 show* the extra Amount of dnuhar 
pull required to haul scraper up a 1% grade. 
Since loaded igpiper ii being hauled up a S% 
grade, the added drawbar pull is 1141 1b*. % 5 m 
6,705 lb*. The total drawbar [will needed Jon 
hauling the loaded scraper then !■ 7,310 t ^.705 * 
13,0IS lb*. 

Table 5 shews the speeds Of the tractor* and 
available pulls on and H 'B" type roads, For 

this example, the TD-2+ UacWr will pull the 
loaded icr.iper in 4lh gear which Is a speed nf 
273 feet per mln r Return trip with scraper ™ P ty 
can be made In 8th gesr or 60^ pef min. 
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Table 6 


FACTORS FOR OPERATING ON 1% GRADE* 

MultipLy these factors {pounds} by the percent of 
; grade encountered and add to drawbar poll 1* 
pounds required CU the Level, 

COMBINATION 

OF 

EQUIPMENT 


CAULlNG 

EMPTY 

SCRAPER 

LOADED SC 

RA PER 

Class 1 

CU»^ 

OS* ss i 

TO- IfiAit B-113 

TD-24 6 B-170A 

TB-24 6 B-290 

TD-24 4 B-Z50*< 

476 

733 

819 

819 

761 

, 1IM 

1450 

1*45 

731 

1L4I 

1384 

47S 

701 

1093 

LJ36 

1411 


■ Joe I^ grade determined, by taking 

I# of cwnblned weight of tractor, sera per, 
and load carried in scraper, 

** Pusher Loaded 


Table 7 


APPROXIMATE OUTPUT CAPACITIES 

Cu. Yd*. Pel- Hour 

Length Of Haul 
One Way Feet 


EQUIPMENT 

TD-ldA 

TD-M 

TD-24 

B-m 

B-L70A 

B-2 50 
Pusher 

LOG 

217 

366 

53a 

20n 

177 

306 

452 

300 

149 

263 

379 

400 

120 

231 

327 

500 

113 

205 

266 

600 

101 

165 

266 

700 

■il 

169 

229 

900 

S3 

ISS 

209 

900 

76 

143 

192 

1000 

71 

1 33 

i7d 

1200 

64 

117 

154 

14D0 

62 

103 

117 

1600 

5-8 

94 

121 

IfiOO 

5$ 

89 

in 

2000 

5-2 

77 

104 


These outputs should be obtainable with the 
1 C riper working In Clss* i TnateHL*l (Table L), 
the loading and hauling on fairly Level Class ”B‘ * 
road, the operator f- miliar with the Eontrol of 
the scraper and with opera linns based on a 50 
minute hour. If the sc raper is operating under 
m ore favorable condition a the figures may be 
increased and for hard digging or other un¬ 
favorable condition* they should he reduced. 


Scraper output (continued) 




































APPENDIX 


Length of time cycle Is the sum of loading 
and turning time (I, !i min,). plus hauling time 
( ftflfl v 2 r Q min,), plus return time [GOO i l r 2 min,), 

m SIE 

or liTnknytei. Using a SO min. hour, the number 
of cycle* pc? tgyr is, 5£ = B.9 cycles per hour. 

Output per hour ii number of cycles (6 L 9) 
times cu. yds. hauled per trip (ILfr), or 12! cu. 
vd*/hr. 

For efficient scraper operation: 

L Plan ttOFh to load scraper dpanhill, 

J. Eliminate Wtt*f S tUnia. 

1, Load scraper in direction of where load 
Is to be dumped. 

4. Do not spend unnecessary time In trying 
for heaping loads - you may sacrifice thii 
gain in cu. yds, by a longer time cycle, 

5. Do not cut too deep - deep cut* increase 
the void* and reduce pay Loud r Lsj-|e 
chunk* |n the sf riper make poor apread¬ 
ing material. 

A. Maintain * doiintlupe In the cut - don't 
CUt horizontal layers off the top. 

7. On side hill cuts keep the inside of cut 
lower than the outside. 

8. Do not allow too much slack in cables this 
causes unnecessary cable wear. 

9. Maintain A smooth hauling road, 

10. Don't raise bowl any higher than necessary 
when hauling - increasing bowl height re¬ 
duces scraper stability. 

U. Dd n&t haul serappr with tackle block to 
block. 


12, In constructing a fill keep shoulders high 
and center Low - this provides drainage 
toward center and prevents scraper from 
sliding over the side of fill. 

BJ BULLDOZERS AMD & ULLGflADE.R5 

Dsta relating to estimating output and mat 
of operztioD for Bullgraders and Bulldoiers ha* 
not been used extensively simply fur the reason 
that the Bull grader or Bulldoze? has not been 
considered a primary dirt mover. The Bull- 
grader or Bullldoser on most dirt movihg job* 
Is considered auxiliary equipment lor leveling 
or spreading with little cousidcration given to 
its dirt moving capabilities. 

However, the tocr taking popularity of these 
machines in the capacity as a primary dirt or 
materia! mover on such jobs as basement ea- 
cavation, pond and drainage work, land level¬ 
ing, coal handling, gravel and sand plant*, etc* 
has caused, m&re study nf this subject. In 
recent year* the Bu||grader and Bulldozer 
have changed older and less efficient methods 
for doing these jobs, 

Sufficient d4U is not available mi this subject 
yet in order to tel! with reasonable accuracy 
the output of a Builgrader Or BulLdoz.er because 
the yardage depends up a number of variables 
such as the type of material moved, the six* of 
tractor and Bulldozer or Bull grader, th# dis¬ 
tance St is to be moved, percent of grade, etc. 
Since accurate figures *r# not available on 
various type* of soil and material* moved, wc 
ahalL be guidrf in this discussion by whata 
Bollgradrr or BulldoEer can be expected !o 
move Oft a level grade in average aoll condi¬ 
tions. In the charts shown below, we have 
illustrated the expected output capacities for 
^idr gauge Bullgraders and Bulldozers Ln cubir 
yard* p* r hour a** function of the distance moved 
infect, It must he l-ealiatd that there charts 
a PpLy for average conditions and cannot be 
guaranged for applying In any specific job. 

erf material is to be moved up a grade, 




Bulldozer output 






















DPZER OUTPUT 


VT wheT* unusual digging conditions cskil, the 
GUtpats will bf Sower than those shown in the 
charts, Converwl^ if ' + Troiighlna' fc i* employed 
and condition* are Otherwise hlftHgt, the Out¬ 
puts will be higher than those shgwn Itr the 
chub. 

METHOD QF CALCULATING BULLDOZER 
AND BULLGRADEH OUTPUT 

Under f,iv arable digging conditions wifiSUTTlC 
the toad tarried in front cl the blade La approach 
the Shape shown belo*. For bulldozers we assume 
the material will rise 10% higher than the height 
of the blade, and for Bu LI graders £S% + Thtif 
percentages are Utcd to compensate for the 
difference in height of blade between a bulldaaer 
and Mender. 

Using H a* height of bJsde, W as width of 
blade-., A a* area (side vie*). Lj as load, carried 
in front of blade, And L 2 as Load carried corrected 
io bank measure, we derive the fotlowing formu¬ 
la, a; 

Bulldozer s r 

A = I7Tfclx2.2H - lAIM* * 1,ZIH* 

- 1 - 1 - 

L t * 1,2 1H* |JW= 2.4ZH*W 

I I 3 

L ? = IAIH*W x I = **H2W 

3 4 

Bultgraderpr 

A * l.iftil* * 3.12H* - I.S6H £ 

-"IT"-2- 

Li « l.SfcH* x 2 W m 1 .I 2 H £ W 

T 1 

L, = 3 .I 2 H 2 W 1 3 = . 70 H*W 

3 4 

Using the formulas fur L;, the loads carried 
by the different *iie Bullgtaders and bulldozers 
(wide gauge) are us follows: 

APPROX* OUTPUT CAPACITY FOB WIPE GAUGE 
BULLDOZERS 
(Cubic Yard* Per Hour) 



B u Lid ore r s 

Bullgraders 

Model 

L z (cu,yds r ) 

L z ,(eu r yd = r ) 

TD-fe 

0.76 

“^05- 

TE-9 

1.1 L 

1.1? 

TP-14 

1.44 

2.14 

TP-16 

2.48 

2. 62 

TD -24 

3.66 

b,oa 


In calculating the cubic yards per hour shown 
in the table below, we have vitumfd the tractor 
to be Operated in first gear far pushing the load 
and ith highest reverse gear for the return, We 
have also assumed thala distance of 26 feel will 
be required for the blade to pick up a full load. 
This means the bulldozer will actually travel 10 
feet more lhah indicated for the haul die lance 
shown, 


*3.yT77T77T7~? ~7771T7T77' 



SSnij/ {7/4/tfJTOf ■ £> 




A 30 minute hour is used allowing 10 minutes 
in eaoh hour for miscellaneous work Rloppages, 
etc. Tea arcends is allowed in eaeh cyoic for 
shifting gears. 



APPROX, OUTPUT CAPACITY FOR WIDE GAUGE 
BULLG RADERS 
(Cubic Yarfis Per Hour) 


Haul (D) 

(Pi stance 
in Feet) 

TD-fr* 

TD-?* 

TD-14 

TD-18 

lS=i± 

56 

4* 

73 

13$ 

165 

445 

166 

24 

44 

az 

113 

Z74 

136 

26 

31 

5fi 

so 

147 


15 

24 

43 

42 

154 

l 

£5 6 

13 

20 

JY 

51 

126 

300 

1 1 

IT 

31 

44 

167 

3*0 

9 

15 

If 

38 

?4 

■fM 

5 

13 

24 

33 

63 


Ffaul |D| 
(Distance 
in Teet) 

TD-fe* 

TD-9* 

TD-14 

TD-18 

TD-Z4 

56 

43 

58 

121 

t$3 

ZB5 

166 

24 

41 

T4 

99 

175 

156 

18 

2? 

53 

TO 

126 

200 

14 

22 

41 

$5 

99 

250 

12 

1? 

34 

45 

8 E 

360 

16 

16 

29 

36 

69 

ISO 

9 

14 

2$ 

33 

40 

460 

a 

It 

22 

£9 

$3 


- TD4 and TD-9 tractors figured with optional 
reverse gear-of 3.5 mph. 


Bulldozer output (coatipued) 

A-9 



































































IUCUD LOADER PRODUCTION AND LOADING TIM 




54-Inch B fj- 11 — 60 Minute Hour 


1 

I r***f*bu 

Avaiis*- 

UnlivDiibli 

rarvriile 

Avaimev 

VttbwfiUi 

Production Bank 
Cubic Yards 
per Hour 

1000 

750 

500 to 380 

Loading Time 

fit Minnies 

o.s 

0 6-0.7 

0.8 


The behest loader production- even exceeding 
1000 Cu, yds, per hour requires [wo pulling IractDrs, 
at one tractor pultmg and a no 1 ! her tractor pushing. 

The- loading time od I be Euclid Loader is not directly 
related lo hourly production figures, as in the case 0 ! 
shovels and dragline, since the loader works at peat 
capacity only while the hauling unit is being loaded, 
This peak capacity will be reflected in [he loading 
time but oonnol be realistically extended for hourly 
production figures. 


The shorter loading limes generally will be ob¬ 
tained when working with 13 cubic yard Euclid 
bottom-dumps. Use .7 to .8 minutes loading time for 
25 Cubic yard Euclid bottom'dumps (as re Elected 
above under ‘"unfavorable 1 * condition*), The small 
difference iii loading time is due to the fact that the 
large* bottom-dumps will generally be loaded by a 
loader equipped with higher horsepower eqgia* and 
longer conveyor belt end in many instances two 
tractors are used. 


EUCLID SCRAPER LOADING 


Opc-rjling 

Piuh Utdrd with. 


C-^n-ditianj 

CnwLtr Tp i c ter 

Twin-Fa tmpr 

favorable 

.8 to 1.00 Min. 

1 00 to 126 Mm. 

Average 

1-20 Min , 

1.50 Min. 

UrlJavorable 

1.40 to 2,10 Min. 

1.80 to 2.2 Min. 


rivuribk Landing Cvndilitmi 

UBj*¥4r*hl* L**diBQ 

Topsoil 

Heavy wel clay 

Clay loam (apt high 
tn moi stuie cement) 

Loose land 

Sandy loam 

Loose gravel 

Clay (not high 
in moisture content) 

Dense clay and shale 

Compacted cod 

Glacial conglomerate 

TighJ earth materials, if not 

Edo high in moisture content. 

ftock nr ihale outcropping 

Over 300 ft, loading area 

Materials that are slippery when wet 

Smooth pit 

Side hill] loading 

Loading on dawn-grade 

Rough, or soft borrow pits 


flrprttfucd frvm "EitinuEfiiig fr^ucfum (n*rf Coitj." 

Euclid loading data 
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To Calculat*: 

iwtll factor of a m-ilenaS, divide 100 by 100 4- pei 
cent of swell. 

iMrt nibit yard weight d d material, multiply 
the batik Cubic yard weight by the swell lacier, 
bank weight jM* cubic yard, divide the loose 
weight per yard by the swell factor. 

loose cubic yards payload permissible on a 

hauling unil, divide the raled payload capacity (in 


pouflds) by the loose weight per cubic yafd. Com' 
pare this permissible loose cubic yatd payload with 
the heaped body capacity el the hauling uml being 
considered la determine the correct body bibb bi 
the material Sideboards may be added if the heaped 
b&dy capacity is not suliicient lo #gual the raled 
payload (in. pounds.) of the hauling unit, 

bank cubic yards payload permissible on a 

hauling uni t divide ihe rated payload capacity (in. 
pounds) by bank cubic yard weigh! oi material. 


MATERIAL WEIGHTS 


Malarial 

W*l*h| la 

pcx Cubic Tud ! 

Fxt Evnl 
<H Gw*U 

Swrll 

racist 1 

Lowe Weietkl 
rmw Cable M 

Clay, Dry 

2300 lbs. 

25^ 

.00 

1040 11m. 

Clay, Lighl 

2900 lbs. 

mi 

.77 

2160 lbs. 

Clay, Dense, Tough or Wet 

3000 lbs. 

33 % 

,79 

2290 lbs 

Coel, Anthracite 

2200 lbs. 

3S% 

,74 

1630 lbs. 

Goal, Bituminous 

1900 lbs. 

3S% 

.74 

1400 lbs. 

Earth, Dry 

2000 lbs. 

23% 

.ao ! 

22401b* 

Earth, Wei 

0370 lbs. 

25% 

.80 

STOOlbs. 

Earlh wish Sand and Gravel 

3100 lbs. 

19% 

.85 

26401b* 

Earth and Bock Mixture 

Such as Unclassified Excavation 

2500-3000 lb*- 

30% 

.77 

1920'2310 lb*. 

Gravel, Dry 1 

3250 lb*. 

12% 

.09 

2900 lbs. 

Gravel, Wei 

3600 lbs. 

14% 

.88 

3200 lbs. 

Loam 

2700 lbs. 

20Tr 

S3 

2240 Lbs. 

Bock, Haid, Well BE as led 

4000 lbs. 

; S0% 

67 

2660 lb*. 

Hack and Stone, Crushed 

3240-3920 lbs. 

35r f 

,74 

2400-2900 lb*. 

Shale or SoH Rock 

3000 lbs 

33^- 

.75 

2250 lbs. 







•Wh*fl IwdiAQ *«a ptit, swell factor will fee about .10 higher than shown because el mere ewnpacl loading 


loading 

Loading time is dependent upon^ 

S* The sue ol the hauling unit, 

2. Siie and type of Ihe loading machine 

3. Type and condition of ihe material. 

I* Skill of the operator. 

Rfprodwcd from ■j£WiitwifffiG IVediwIiff* and 

Swell factor in loading 
A-1 1 


When loading with either shovels or dragline*, lb* 
depth d cut and shovel swing also influence loading 
time. To simplify the loading time estimate, the tables 
covering shovels and dtaglmea may b* used. 





































NO. Of SCRAPERS ONE PUSHER WILL SERVICE NO. Of SCRAPERS ONE PUSHER WILL SERVICE 


PUSHER LOADING GRAPHS 


0 

9 

1 

6 

! 

4 

5 
ff 

1 



1000 SOW 3000 4000 SO0O 6000 70® *QQO 9000 1QEKN 


ONE WAV HAULING DISTANCE IN FEET 


BACK 


track 


LOADING 



ONE WAY HAULING DISTANCE IN FEET 


»D0O 


woo 


4000 


3000 


*000 


7000 


1000 


0DQ0 


I0OW 


CHAIN OR SHU7 TTLE LOADING 


Instruction* f« uring th« above graphs; 

1. The above charts are lor IS to 20 cubic yard 
scrapers. For 10 to IS cubic yard scraper in¬ 
crease by 10% (be number ol scraper* per 
pusher as determined bam (be above charts 

2. Curve No. 1 reprewnts lavorabla loading and 
hauling condition* (3% combined grade and 
rolling resistance). 

Curve Ho. 2 r*pr**efits average loading and 
hauling condition* (S% combined grad* and 
rolling resistance). 

Curve No, 3 represent unlavoraH* loading and 


hauling conditions {0% combined giad* and 
Tolling refinance). 

3- To determine the number of Euclid scrapfir* 
which one pusher tractor will handle, first ijpd 
the haul road length At bottom of graph. {Nolo 
that (hi* length should svf include the distance 
travelled in the borrow pit end. on the fblh) 
Next draw a vertical line up to the curve repre- 
senting haul road condition*. La*t draw a 
horuonlal line from the point where the vertical 
and the selected curve intersect. Extend Ihe 
hortsontal line to the left hand margin and there 
read the number of scraper* that one pusher will 

iemcfl. 


Reproduce A /rom "£ih'irurlEii* rand Coiti." 


Pusher loading graphs 
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HAULING AND RETURNING 

Modern rubber-bjr*d earth-moving equipment has g:ea1 productive ability and increased port of mane*, 
duo to A higher hOrMpawer.io-weLghl lactOI, and lo higher avofaqe road travel spends Those high 
average speeds depend on well-mainlainod haul roads having low rolling reaistan ee. Total haul and 
return time depends upon practical road speeds attainable over various sections d the haul road r 
considering grades, rolbng fesia^nce F safety, and performance ability of the hauling unll. 


rolling resistance 



enrsNAL nocnQfi tttr fLliuHU 


Rolling resistance is the resistance between the tires 
and level ground that must he overcome Id iceep ihe 
vehicle In motion, [t includes resistance caused by 
in da on in wheel bearings, hy flexing ci tires under 
load and by penetration of tires into the ground. It is 
normally expressed in pounds ol pull, or tractive 
effort, required Id overcome this resistance —approxi¬ 
mately 15 lbs. of pull per 1,000 lbs. of weight on a 
hard surfaced toad. Thus rolling resistance may be 
express*d a* 30 Ibfr. per ton dE gross vehicle weigjil, 
ot HR — 15^ p! gross vehicle weigh!,. The table 



below shews Ihe approximate rolling resistance lor 

various road surfaces, 

In specification* covering the various Euclid modflll, 
grade ability figures allow for a rolbng resistance ol 
40 lbs. per ton or 2%. If a rolling resistance greater 
Ihan 2-^ is used In an estimate, subtract the difference 
between 2 % and Ihe actual rolling resistance Irom 
the grade ability shown in the detailed model sp*d±U 
cations. Use the highest transmission gear showing 
sufficient grade ability, tl this i* wllhin sale speed 
limita. 


T vp* Ol H*oJ Hba d Surl*c* 

Twani* T*n 

vl Ci«j Vrhitl* ; 

P#t Will ef 

VrtiitU Wtiffhl 


30 lbs. 

13% 

Smooth, hard, dry dirt and gravel. 

Well maintained. Free olfoose material 

40 lbs, 

2% 

Dry dirt and gravel Nol firmly packed- 
Some loose material 

60 lbs, 

3% 

Soft uapfowed dirt, poorly maintained 

80 lbs. 

4% 

Wot muddy surface on firm base 

BO lbs. 

4% 


50 lb* 

2.5% 

upQDW laCikvQI 

90 lbs. 

4.5% 

Soft, plowed dirt 05f unpacked dirt fills 

160 lbs. 

m 


200 lb*, 

io% 

Deeply rotted, or eeft spongy base 

320 Um. 

1B% 




I shade RESISTANCE | 



Moving a vehicle up an incline requires tractive 
effort equal 10 Ihe grad* resiaiaaacep plu* the roLhr«g 
lesiliane* encountered. The forco in pounds of pull< 
or Tractive llferl, required to overcome she grade 
rosttlonce amounts lo 20 lb®, per ton of gross weighs 
for each 1% of grade. Or, grade rorfs4an.ee In lermi 


ol per can! of GVW (gross vehicle weight) is the 
tame as ifaa per cent °f grade. 

Thus if a road riffs vertically 6 feet for each 100 
feet o( horizontal advance, the per cent ot grade is 
6 r ;, and th* tractive adort required Id overcome the 
gride Will be 6% Dl gross vehicle weight. 


Reproduced from Production end Ccrit 


Resistance and grades 
A43 






































GRADE PIUS ROLLING RESISTANCE 


Sinee grade and railing resistance are both expressed 
In Jenna cl per cent oJ gross vehicle weight, these 
may be added together (or the total resistance when 
moving a vehicle up an incline. For example: When 
ovtimating the travel speed on an 3*grade with an 
estimated 4% rolling resistance, the total resistance 


lb 12% 4 Subtract 2% bom the 12% (since a 2% 
railing resistance haa been allowed in the grade 
ability chart in the model specifications} and check 
the grade ability chart in the modal specifications. 
Select the highest transmission gear showing at least 
a 10% grade ability. 


EFFECT OF ALTITUDE ON UNIT PERFORMANCE 


Although different engine manufacturers rale the 
Altitude ptibriD4iiC« ol their engine* somewhat 
ditfftrtnlly, the fallowing will bo sufficiently accurate 
lor purpom of estimating haulage 

Fonr-aJioke diesel engines no Ion ol performance 
up to 1000 feet above sea level. Subtract 3% in 
performance ahihty tor every 1000 feel above that. 

Two-riroke cycle dtosel enginei—Subtract l}j% in 


performance far every 1000 feet above 6*4 level lo 
6000 ft. Above that, subtract 3% far every 1000 ft. 

Example: A hauhrtg unit equipped with 4 tout- 
stroke cycle diesel engine with a grade ability 
ol 9% at left level. At 5000 tee! Us performance 
will decrease 4 x 3% = 12%. Reducing its sea 
level grade ability by 12% {9 x .12 « 1.06) we 
obtain lb* resulting grade ability at 5000 feet M 

9 %- 1 , 03 % = 7 . 9 %, 


AVERAGE TRAVEL SPEEDS 


To estunate Ihe hauling time, fust break the haul 
road inta sections wherever the grade, or the rolling 
resistance, or bath, change. 

After doing Jhi*, check the performance chart in 
the detailed model ipedfieattoiiB for the unit under 
consideration. Select the proper Ironxmismon gear 


to overcome the grade and rolling resistance. Note 
Ihe maximum travel speed shown in ihe selected gear 
br further calculations. The maxi mum speed, mul* 
then be reduced to a practical average speed. 

The fallowing table show* the factor* 10 establish 
average travel speeds over various lengths of haul 


Factors for Conversion of Maxim urn Speed to Average Speed 


L* n ft-a h 4( 

Hid 1 Head 

SrcbifD 

flWrl LttcI Krd.Ii 

m u low n. 

Tolil L« nglli 

Vail 5 Ur Lino 
rtsm flap 

Unil Ln M-ntLan 

Vhrn JCnUrLog 

Haul Read $*ctlea 

0^ 3®C ft. 

.20 

.25 -.50 

.50 - 2.00 

350- 750 ft. 

.30 

.35* .60 

.60^ .75 

750-1S00 ft. 

.40 

.50- ,63 

.70- SO 

1500 - 2500 ft. " 


.60-,70 

.75- SO 

2500 - 3500 ft. 


.65 - ,75 

80 85 

3500 ft. and up 


to ■ es 

,eo- . so 






To determine Ihe average travel speed, multiply the maximum attainable spwd by the factor 
opposite !h* correct haul mad section length, unless safety consideration* Impose lower limits 
of speed. 


Example: A hauling unit with standard transmimion leaving the shovel and Itavoling 3000 
H. up a 4' : grade, with 2 r , rolling resistance. Check ihe model specification* far maxinrum 
speed on a 4% grade and multiply I his speed in M.P.H. by .65 to obtain the average speed. 

{Caution: Feddrmancfi charts which are given in Euclid mode! Specific*tions already 
include 2% Rolling Resistance.) 


Rfimrfuffd from. "KrtimatinR Production sad Com."' 


Altiiude, and travel speeds 
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How la Select the Prapier Speed Factor 

In the above table* there Li a margin between the 
Lowest and highest Lac tor. An Orrtx in the total cycle 
time whmaSe La most likely to bd due IP aa error in 
estimating hauling and reluming. Consequently, care 
should be exercised in the selection oE the proper 
factor used to obtain the average speed- Always con¬ 
sider the following: 

t SfartJing Speed 

A unit starting on a 500 ft. -section ol minus 2% 
grade on a good road will quickly gel into high gear 
and haa a chance to reach a high percentage of the 
maximum speed in high gear therefore use high 
Eaciors in the above table. On the other hand, the 
same unit starting on the same type of haul road 
section but only 250 fh long and levels will hardly 
have time to get into high gear, Although tho*- 
retie ally 11 could travel in high gear, the low speed 
factor should be used. 

I 

2. Momentum on Shorter SeelrOflf 

In calculating average speeds ol unite entering 
short haul road sections while already in motion the 
momenlunl has to be lateen into conrid&ration. This 
accounts lor the wid* difference in the above factor*. 

For examples A unit enters a grade haul 

rood section ISO ft. long while travelling 20 
M.P.H- Theoretically its maximum speed on such 
grade would bo S M,F-H_ The momenhim is 
likely 1o carry Ehe unit evar at 12 M.FH, 

3, Mofliefttum on longer Seclronl 

Below is an illustration of a 2000 ft. haul road 
section up an 6% grade. A 15-ion Bear-Dump 
"Euc" would negotiate this in 3rd gear at a maxi¬ 
mum attainable speed of 9.7 M.P H. In case (a) the 


unit wtU be slow enlacing this section because ol 
the preceding climb. In case (b} Lb* urtil will 
enter the 2C00 ft. grade section al high 

speed alter a downhill stretch of Iho haul road. 

Obviously, in ca» (bj- the unit has a b*ti*S 
chance of averaging closer to 100% ol fefi maximum 
speed in 3rd gear and the high limit of the given 
speed factor ihould be used. The given figures 
are intended only 04 a guide to the majority of job 
conditions. 

4 . 7b* Pcrtib of Power, Wmighl md Speed 

Over a given ^action ol haul road a unit thal is 
geared slow hat a better chance oE aliasing its 
lop speed than a unit of equal horsepower thal is 
geared for East travel speeds. 

Similarly a unit with a ratio of 300 lbs. pfrr H-P, 
hat a better chance ol attaining ita Lop speed than 
d unit with a ratio of 500 Ibl- per H.F. provided 
both units are geared !o travel at Ihe same speed. 
Thii it best illustrated by the ’’better performance" 
ol Ait amply unit against a loaded unit. The thonex 
Ihe haul road section, the moie noticeable will be 
Ihe ddterence, hence the wider margin m the 
speed ratio tables for the shorter haul road sections. 

For the purposes of estimating production with 
Euchdta only the pounds per H.P. need be can- 
sadeiod, and the formula at th* bottom of Ih i s pmge 
Can b* u4*d, 

5* Units Equipped With Torque Converter 

UvG the high factor* lor haul road section* up to 
1500 feet In distance. 

6. D#/oy Factors 

There are often hazards or obsfruCtiona in *he haul 
road thal slew down vehicle speed. Time allow- 
ances must b* made when these conditions exist. 



InlE i mi H**t t ridozi 

(CotLivdir d*Uy tc* or ilow- 
Aamtk M itacs) 


One-way haul roads 
Delay at passing points 
Sharp curves 
Multiple curves 
or switchbacks 
Blind corn*** 
Bridges 
Underpass^ 
Railroad crossings 
Cf«J fcralhe 


CdDliaumii T *elfin 

ijCftaudar d*:,±■= Its* Sf stanr- 

CLj’n'D OTKT KtltU* M-Vl) 

Extremely variable, and 
high rolling resistance 

W*l OF slippery 
haul mads 

Unskilled operators 

Long down-grade hauls 


USE HIGHEST SPEED FACTOR* ^ 
USE AVERAGE SPEED FACTOR — 
USE LOWEST SPEED FACTOR ^ 

■In TsH# an F*gw 11, 


QVW iLhaJ 
ENGINE H.F. 


3 H -340 IU>. K.F. 
3 +Mfl* lii. H.F. 
ICQ A up 11m. /H.F. 


Reproduc'd frpm "EtmvUing Fmdiwrbn aid Cam." 


Gear selection 
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TURNING AND DUMPING 

Turning an4 dumping Isjm depends upon the type ai Muling uml end the operating nmdMIflu Below 
*ie average* lot Ih* iiHiunt lyp« undai vanou opafatli^ wiuliEkau. 


Turning and Dumping Tim* 


Q*"*«to* 

Cn rdiH-r-ni 

E+tiVd 

ti irlvr-Trilln 

b«IU 

litf-Onni 

fvmFtiiibT 

I ns* isi 

Favorabto 

.3 Kin. 

1.0 Mm 

7 Min. 

.4 Mm. 

Average 

.6 Mur. 

1.3 Mm. 

1.0 Min, 

.7 Min 

Unfavorable 

1.5 Min. 

1.5 to 2 0 Mm 

1.5 Kin 

13 Min, 


SPOT AT LOADING MACHINE 


Or* i aline 
GhHsbs 

t»rUJ 

V«1 l#m. X> ■ jn p 
TiA£fc**-T±miWr 

Ml 

S#*r-Dwi*ip 


X ucliJ ■ 
Impsn 

Tito New 

lrrk#n 

Favor*hi* 

I S Mm 

.15 Mm. 

48 Min 

.50 Min 

40 Min 

Avexeg* 

,50 Mm 

. 30 Min. 

.50 Km. 

65 Min. 

.IS Min. 

Unfavorable 

1.00 Kin 

50 Min 

1 00 Mm. 

.50 Min. 

.3D Min. 








p ln c*m rf rrr*p#'i. **» rum around hmm in In* tain?* |.il i» »Wi (nl*«d □! ipottiB^ Uu la# uS*w*l load-ay At#f* ga tlzn* 
*p*&1 *j il n j hi phiuai 1i*L-toi ui uudvdvd M amgUp *agia» kti#«ei 


NUMBER OF HAULING UNITS REQUIRED 


The number ot hauiing units required depends upon 
the pnxliidi«i rfquu«mnl. Thu may be a known, 
hfc*d q&iflWT Of le BUT be 4fttrfflin«d by th* man 
mum hourly production o! the Loading machine. In 
either cam th* hourly production required, divided 
by hourly production per baulinq unlit will giro th* 
lb*OnHdl numb** ol Milling unit* nquirad. Gen- 
«taUy any £r*ctton4JI part ol * unit more than .5 u to 
be cocuidcEvd a complete gn.it, A fractional put ol 
A L1IUE t#H I ban 5 should bo uhMt Aiuiynd. 
Im*M*d operating *£hciencj may almiult the 
n#*d for th# "fraction ol a unit," In ocher Lnnas^ 
pirhcutariy on Hull Oparitkmi, ih« DM wdl prefer 
to work a longer shiH father than h> buy in eirtra unit. 
Spar* or ftandby units art noctwarr L 1 a sustained 


production schedule n to bo iruuoEamod The spare 
unit provides hauling capacity while regular mainte- 
nanc* of repair d units ol She production fleet is per- 
formed In average Large fleet operations il to 
recommended lh*t A minimum of on* spar# unit be 
provided Fur each group ol eLghl. 

Spare uml* are a very cmottsiry and inexpensive 
torm el production injurant*. A spare unii obviouAly 
does hql Incur any ''operating expvr.ves" and should, 
iheTolof*, be charged Eo the job al itc "ownerahip cost 
only ^ ai shown in Part IT ol this manual, Th* cos! per 
cubic yard or ton hauled will be Increased orily 
^Sghdy by having standby units- whil#, on ike other 
h^ r.-a, th* lack ol spar# units can result in expensive 
production lows, 


R I O U I R ! D PRODUCTION 


Production requirements should be clearly under¬ 
stood They may be given in short tons. Long tom or 
metric ions, in bank cubic yards Or possibly loose 
cubic yards. In coal mmw |oi instance th* toquin- 


h»bE may be 2000 Ions ol bntohed real per stuff; 
bul due to waste malarial 2500 tons o{ raw coal may 
have to he hauled. 


Jlf produc-cd 1 from a 'E.wtimntmg, PmcfurtHfi mtd Cn*tt.'* 


Hauling units 
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HAULING PRODUCTION AND COST ISfIMATi 


Kame , «.Addiew C&*-£/&/?& 

OpiTAtiofl .^rf/ , Pioductionieq'd^^ ? ^V J ^’ Lk4^^ 

Eudid Model Heaped Cap, y - r/ Yds. Capacity Iba. ^W' 

Malaria] BajikYd//7<> |1» SweU Factor ^ L«m* Yd-C^* Ibi. 

Pay Load p*i Cycle: Loose Cu. Yd». ^ .Bank Cu, Yds. ■ ^‘ ^ ■ .7^77? ■ 

Type ol Loading Unit. fC?7 ... Bucket Sue . ^*T ■ No. of FauOf to load 

Loading Cbnd^dona ■ - Loading Production £&?**<*) Cu. Yds. Hr, 

i4 _ r# _ Mm. 

Elevation . ■ ft ■ 

H*i. Sp«d A**r«* 

5p*#d M 

//. 7/£j. A, &C £ 

tu “ .4.4 

SAJ " 0/ 

: &7-r 


A. LOADING TIME ... 

Lojdod H*ul -Toto] Ungth . -. 

ikMd L™lh FktU&g Pl« C*nl 
SfcTion Ifc ft Rmri. Gr*4# 

xv/ 97 F?« 

/**/<$*/ .9*° 0% y* 

Mw/fy*/ fa A% 

Ft//... /«. /^,, 


Tf*ai. 

G**r 

j 


toatiM 
TiA* ui Km 


&% 


0.F? 
fa - $.69 

it,A j 0 9/ 

£ / 7. $ 7/ 


B 


Return Empty—Total Length.. . ^ ... FL 

Laapll RoLUlkl Ptat C*nl T^jju. 
S*ctH^i m FT. Iburi. Gf* 4* G**r 

/v// .,j*? /* er* j 

fa/fc/ fa 0* ,c7* r 

farf.faJ fa 07 -f7. 7 

£V/ 0iw f% fi%. 7 


TOTAL HAtJUNG TIME 0 /•*. Min. 


Hu. 

5p«d 

//tty*- 
*4,7..?.. 
te? " 
JA 7 " 


Spw 

FiCtot 


A-rmT+Xm 
^tid 

F. r tfa as? 




07 

& 47 A fat " 07J 

/. 7 Jt*,f " x'Vr 

^.jr //,/ - ^ 


c TOTAL EETUHN TIME ...,A7f. Mm. 

D. Turning and Dumping - Conditions Turing uid Dumping Trni« Mn. 

E. Spot at Loading Machine -Condiiioni . ^ fK ' 1 ,J ^ ^ Lm *~ . __ ” 

E TOTAL TIME PER COMPLETE HAULING CYCLE (A-3-B fCd-D+E) . ^ Man 

r a «* , ^ SO Min. Hr. - 7 7-* Tmu per Houi 

G. Ararat Ttipa jmf TEaui — 

tt. Hourly Production = (G) Tiip» pot Hnur ■ P*y Load ■ ■ ■ ■ fAi . ■' 

. H ouily Product iQ n P^'d. _ _ _ 

J Nwab** EucLtb Req'd. “ (H) Bank Yd.- per Euclid j*f Hour 

fleet PioducUon per Howl ® I ■ H * - ^ 1 ?. . Bani Ydj. 

Hauling Cd*t per Bank Yd. oidEsn ^ ^7 JJ 

Hourly Cttt oi Owning and Operating .EncLds (■ ^ . . 

Hourly Coat ol Owning Spare Euddi . . .( .■ ® *" ? ' 

K Hourly Cod tor fleet of . - . $ - ■ -EvdidB 

K 

ESTIMATED HAULING COST PEE YD. €>**©* - f^Pro d^ti^ " 


FUnV Yd*, per Hout 
. ^ .Eucbdi 


each * ^ 

«dt - f ^ 

. TiJ-rf fr ~ 

BANK YD. OR yOff 


BANK YD, 


"Tll^ m is ifeptrfjjinil checiiiiq I^jlii ___ _ 

ihouli! uanuuil’y tugjbl: Of bi*n fc4l*#u|li b* li*o«il*d 
dam Bfcf mdiidtt o«rli**d, protri. b4«I ra#4 


Pag'd- Production 

toiriMtoJu It* r*d»p*n.J «l B* *•*->" ,ta ta *+* 


i miliit My, 


HfpfOdtaOfd /rpin FmlurliUfl imd ChO. 


Sample Mtimate sheet 






























REFERENCE FORMULAS 


GRADE ABILITY 


:973 x Foot Lbs. Eng. Torque x T.G.R 


MAXIMUM GRADE ABILITY - 


R R x G. V. W, 

,6 x Wgt. on Drive Tires 

oTvTW. 


Ri in % 


TRACTIVE EFFORT OR RIM PULL 


.90 x Inch Lbs, Eng. Tongue x T.G.R. x M.E. 

rr! 


__ »..!! (.90 X Inch Lb** Eng. Torque k T.G.R, Jt MVEJ D . T L 

DRAW BAR PULL---RoRnnLbB, 


VEHICLE SPEED IN K.F.H. 


Engine R.P.M, h Tire Rolling Radius 
IBS x Total Geer Reduction 


VEHICLE SPEED IN M.P.H. 


Net H,P. at Drive Wheels x 37S 
G.V,W. in Tons (40 + 20 * % Grade; 

Mai. Eng. H.P. it 

Net H.P. at Drive Wheel* - gavamid pp*«ii x ,&3 

■;i&r ■tandard trenamwnn flldy) 

Mai. Enfl, H.F, at 

N*t H.P. at Drive WheeSfl " govftmnd ipaad i ,72 

I for unit* using- torque eetwertfr 
_ pbtancfl in Ft. _ 

Trawl Time [n Mifiulaa x $3 


ENGINE TORQUE IN LBS, FT. 


H P. X 5203 
R-P,Mr 


TOTAL GEAR REDUCTION = Transmission Ratio x Overall Axle Ratio 


AVERAGE YEARLY INVESTMENT 


Initial Investment x (N + 1) 

m 


M.P.H. “ j»r Haul 

T.G.R. ** Tote] Gear Reduction 

M.E. «• Mechanical Efficiency Evtimated HQ% 

R.R. - Tiie Rolling Sad ins m luehra 

T.E- “ Trarfie* EflotS 


Ro Hi — HglUqg Heevftanoe 

G. V.M. - Grow Vehicle Weight 

H. P* - Horae Power 

R.P.M. » RaVolutloxu poc Hinu!e 
N. - Y*en of Depreciation 


Revroduttd frem "K&imatmf; Froduttiitm und Coiri.” 

Reference formulas 


A-18 




















WEIGHT AND MEASURE TABLES 


Muieti *f Lfoith 

1 Ml* - 1760 Ydi. - 5260 FL - 63,360 Inch** 

1 Mil* ■ 6 forkings ™ 30 Cbaini 
] fnrLasg ™ 10 CTliIiu ™ ±20 Ydi. 

1 Cbdsa ■> 4 Had* - 22 Ydi. - 66 FL - 100 Lulu 
3 Rod - 5.5 Yd*. - 16.S ft 


Heirari b! LcnflJi—Eng Lib In Metric 

1 MU* - 1,509 Dbw*n 
1 Y«4 - 0.9144 Wit-r 
1 Iwi - 0,3046 W*ii? - 304,0 MUUartn 
] last - 2-S4 C*Bhtf*t4Tf. - 35,4 WUJsRdGri 


Me uuf * *f LtPtfh Mrlrlc la EngLuh, 

1 Pkrtwti - 0.621-4 Mu* 

1 M*fcir - 39.37 bob - 3 2006 IL - 1.0936 Yd 
1 Cwiiimeles - 0.3337 Inch 
1 MUhmetel - 0.03337 Inch 


gqnu* M* 

3 3q- MU* - 640 Ant- - 6400 Sq. Ciainj 
I A^e* - 10 3q, Cbaim - 4640 Sq. Ydi. - 43, £60 Sq, PL 
I Si- Chdfl - 16 Sq. Rods - 4*1 Sq. Ydi. - 4356 Sq. ft. 

L Sq. SU4 - 30.25 Sq. Ydi. - 272.25 Sq. It - 625 Sq. Limbi 
I Sq Yd, - 9 Sq. fL 
1 Sq Fl- - 144 Sq. Inch*. 

Ag A '\im li ♦q-j.il Id a. Square 208.7 fe#L per Sid* 


Mn^ * 1 ! M*U-bI*— EagLiib la M*ii Iq 
1 Sq. Mil* - 2.5099 Sq. AiL^Her* 

L Acre « 0.4047 Hectare ■ 40.47 Ajm 
1 Sq. Yard, - 0.E36 3q- M4l*w 
L Sq. fort - 0.0929 Sq. M* 1 *e* - 939 Sq. Cf abmelen 
1 Sq. tneb - 6.452 5 q. C 4 teS*t 4 ff - 645-2 Sq. Millimeter! 


Sque re M«uin- Metric tg EngLfh. 

1 Sq. Kilometer - 0-3661 Sq, Mil* - 247.1 A«M 
1 Hectare - 2 l 47L Acre* - 100(640 Sq. Fl. 

I Ait - 0.02,4? An. - 3 076-4 Sq. ft. 

I Sq. Miter - 10.764 Sq. it - 1496 Sq Yd. 

1 Sq, Cwtlajeter - 0.155 Sq. Iscfa 
I Sq MlRka**' - 0.00155 Sq. foe* 


Cdfair Mckinr* 

1 CT-jMe Yd. - 27C*. IL 
I Cute? fl, - 1720 Cu. Iadi*t 
1 Cdd - 125 C*h fl- 

I Gdka - 0.113? Cu-fL - 231 Cv- betet 
I Cable Fi. - 7.46 U- S. GiIIum 
I U. S. G*11m - 0 03266 Impelul Galb* 

L EmperwJ GAILm - 1.2009 U, S OtUau 


Cubic Me—e-Iagtuh la Melnc 
1 C'jeli Yd_ ■ 0.7646 Cubic Helen 
1 OnbLc Fl. - 20.316 Litan 
I Cubic luck » 16.36 Cubic Ceabm-oteri 
1 II. S. Gallon - 3.765 liter* 

1 U. £. Q-inri - 0.946 liten 
1 U. S. hnl - 0.47$ Lden 
1 tmperil! GalSon ■ 4.542 llltn 


Cubic Mcuiur- Millie la Eng lull 

1 Cubic Meier - 35.41-1 Ca. FL - 1.306 Cn. Yd. - 264.2 

U. S. G*Uou. 

I Cubic Cenlimel-Bi — 1 0.06] Cu. Inch, 
l Lilet - 0.0353 Cu. Ft - 61.023 Cv Encher 
1 Liter - 0.2642 U. 5. Gelbw - 1.0557 U. 5. Qu*f 1 


Mcuurn uf Weiqbl Euqluli and Mriric 

1 Lcng Tan ■ 2240 Lbe. ■ 1016.05 Kiloqr-tnii 
L Start ten - 2000 Lbe. - 907.IS KUoqremi 
1 Heine Ten - 2204.5 Lbe. 

1 Kilogram ■ 2.2046 Lbe 
1 Lb, - 0.45359 Eii-oq ram j 


Specific Cnvity u a number indicating bow m«Uf limt* 4 
rtPUifl weluBt ef paleriit i* biariir Iban an equal taium* 
wH#r. 


IHGUSH SYSTEM 6 a miterUl bei n I frlln qE*«fr 
ci5 2.7 for la*t4Jie* r BcAlplr Lbi* b^ 62.4 lbe. {w*4qbi *1 
1 Cm. It.jl d Wt*T !* obl*m lb* w*jgbl in tbi. per CV. B, 
d tbe istlerki] rti qiM4l4n- 

MET21C SYSTEM - If « mtlerkt] bM 4 ipec.be grar-lT 
d 2.7 iac aoiienc*, midliplr Iblt by 1000 kihtgTlml 
(weight cl 1 m meter d wi'itJ t* bbUM lb* we 13 hi u 
bdaqroAi per cu. meter af lb* mifeittld l* qaeiliasi. 


FqiM ee|*n.l» el Demdlp ! —Eaql-jli and Mettic 
1 Lb, p# r Cu- Td- “ 0 5933 Kg. per Cu. Mele: 

L ICq. per Cu Meier ■ 1.6656 Lbe. pet Cu Td. 


Iqnive! e n ti bF Freuvre Ea«1u]i end MtblC 

1 Lb. p*r Sq. Inch ■■ 0.0703 Kq. pet Sq. Ceobaeler 
I Kg pei Sq. Centlm*!*! - 14-244 tbi- f*r Sq- tete 


WBlvhlfl *f Pi riel F uel 

i U. S. Gallon - 7 Jib*, ereM 9 *. 

I U. S. GaLun - 3.17 bdogrtHP, 


Ilfpradu^cJ ^FOni "Efiimurinif PtiidutUtm 4twi Cuft.'* 


Weight and measure tables 
A-I£ 
















GRADE TABLES 


ftT Cfik 

CONVERSION OF PER 

CENT INTO DEGREES 

F« C»1 

Xhfictfi 

1 

0°34’ 

21. ... 

11 •52' 

2 


22 

1 ar¬ 

a 

i°4y 

23 .* 

ia's? 

4 

2°ia r 

24 

13°3Cr 

5 


23 

14“ t 

6 


26 .. 

14*34' 

7 

... 4 6 

27 

15* T 

0. 

4*34’ 

28 

15*39 

9 

r 9’ 

29 

IS-IO" 

10 

S°43‘ 

30 

16*42- 

11. 

6*17’ 

31 

17*13 

12 

rsr 

32 

17*45' 

13 

7° 25' 

33 

18*16' 

14 

7*S0' 

34 

10*47 

IS 

... S t 32' 

35 

19*IT 

16 

... . ^ 5' 

36 

19°48- 

17 

.. 9*39' 

37 

20*10' 

IB 

. KHZ' 

3a ., 

20*40' 

19 

Iff^S’ 

39 

aria- 

20 

11 0 19* 

40 

zr4» 



conversion of degrees into per cent 



Fie | 

Birm 

Ffi Ci-nt 

1 

... 1-7S 

11, .... 

19.44 

2 

3.49 

12 

21 36 

3 

0.24 

13. 

23 09 

4 

6.99 

14 

24.93 

5 

...__ . B73 

15 

26.S0 

6 

10.51 

16 

2867 

7 

. 12.20 

17 

30,67 

8 

1405 

l& 

32.49 

9 

1564 

19. 

34.43 

10 

_ 1763 

20 

36 40 


Krpredttftfd from "Eftimating Froduetiim and CflJti." 
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MATERIAL WEIGHTS 


Mate rial 

Wtight La R *Wb 

IHI Cubic Tid 

r«re<oi 

*1 Snli 

Swill 

Twit* 

Lmh Weight 
rtf Ctblc Tm 

Hard Coal, ... 


700.1000 Ibe. 

B% 

.93 

650-930 lbs 

Soft Coal with, dinkeri 


1000-ISIS lb*. 

s% 

.93 

930-1410 Ibs. 

Ashes, Soft Cm], Ordinary 


10*34215 lbs. 

a% 

.93 

1000-1130 lbt. 

Bauxite* 

+ «P*I 

2700-4325 lbi. 

337, 

,75 

202CL32401bt 

Brie* 




2700 lb.. 

Cefnenl, Portland. 


34 lbs. per bag 




Cement, Portland 


2370 lb.. (packed) 

20% 

83 

24501b*. 

Cake, Lump, Loos#. 





620865 lbs. 

Cake, Solvay, CEiflstmit or Pm 




840 lbs. 

Cak*, Gas, Egg, Chestnut or P*a 





7851b*. 

Coke. Goa Fumade. 





730 lb*. 

Concrete . . 


3240-4185 lbs. 

40% 

.72 

2330-3000 lb*. 

Concrete. Mix Wei 





3600.37SO |b< 

Copper Ore 

3800 lb* 

35-; 

.74 

25001b*. 

GanUra, 56° Gaum* 

6.3 lbs. per gallon 




Gruuti 

4500 lbs. 

50 to 80% 

.67 to .56 

3000-2S20 Lbs 

Iron Ore, Hematite. . 


6500-8700 lbt. 


.43 

39001b*. 

hot! Gra, LimDnile 


64001b*. 




IfOn Ora, Magnetite 


5500 lbs. 




Kaolin 

2800 11ml 

307 

.77 

2160 lbs. 

Lead Ore. Galina 

12550 lb*. 




Li™--♦-- ....... 




14001b* 

Limestone, Started....,. T r ,,, , 


4200 lbs. 

67 lo 75% 

.60 to .57 

2400,2520 lb* 

Lim«tane, Loo**, Crushed . 





2600-2700 Lbs, 

Limestone, Marble.. 


46001b*. 

67 to 75% 

-60 to .87 

3620-2760 lbs. 

Mud, Dry fClom) . 

i ■ -r . ■ 

2160-2970 lbs. 

20% 

.83 

1790-2460 Ibs. 

Mud, W*l (Modtftlely packsd) . 


2970-3510 lbs. 

30% 

.83 

2470-2910 lbs. 

Oil Crude . 

6.42 Ihs. per gallon 




Phorohate Bock 

64001b* 




Send, Dry ....... ,. .. 


3250 lbs . 

12% 

.89 

29001b*. 

Sand, Wei 


36001b*. 

14% 

.63 

3200 Ibs. 

Sandstone . , .,. + 

«■ 4 t I- 

41401b*. 

40 to 60% 

.72(0.63 

2930,2510 Ibi. 

Shale, Rioran . r r T .. ......... 

2800 lbs. 

33% 

.75 

2100 lbs. 

Slag, Sand 

* ■ ■ + 

1670 lb*. 

13% 

.89 

1405 lbs. 

Slag, Solid - 


4320-4660 lbs. 

33% 

-75 

3240- 2640 lb.. 

Slag, Crushed ......... * 

t r + ■ 




1900 lbs 

Slag, Furnace, Granulated 


1600 Lb*. 

12% 

.89 

1430 lbs. 

Slate 


4530-4860 lb*. 

30% 

,77 

3530-3740 lbs, 

Trap flock 

5075 lb*. 

50% 

.67 

34001b* 

Wood 4 Lumber 



Hemlock 

U 1 l , L + .X i r i 

2200 lbs. per cord 

fieechwood 

1 J V¥Vtt "WVi ■ 

3250 lbs. per cord 

Hickory .-. 


4500 lbs. par cod 

Chestnut. 

2350 lb. per Cord 

Pine, Norway at White 

3000 lb. per cord 

Elm . **.. + .** v** 

2350 lbs. per card 

Poplar 


2390 lbs. per cord 


/ 

Rtproduced from "Erthnutfrafi Product poi W Cw U** 
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APPENDIX 


SOIL CLASSIFICATION 

In order re describe soils, rhr Public Hoad* Adminiitri. 
tion ha* investigated various soil, ?ypti which exhibit 
characteristic field behavior. On the bails of (hi* Study 
soil* have been divided inti? eight distinct dusts, These 
clj iiiri-La ti-jf.i an suHtGieolly detailed » that char*c- 
lenities iUeh al compressibility. elasticity, capiSLary- ac¬ 
tion, Cohesion, ibnCitige and moisture content—ill] (K> 
tracXy vital considers tinns tn a good lubgrade—can. 
when considered with Local climatic and usage conditions, 
gift a good index te the adequacy of the mall loo- a dt- 
■irect purpose. Their eight mil tlasHftcationi jtc ax 
follow ■ 

A-1—Well graded material. coartE and Site. excellent 
binder. Highly liable under wheel load* irrespective 
of m.Biiture condition*. Function* satisfactorily when 
surface treated or whm used a* i bane for relatively 
thin wearing courses. 

A«2—Ceant and Pine material*. imprtper grading -or 
inirriae hinder Highly alible when fairly dry- Likely 
io id^lten at high wictf content caused either by rain* 
or high capillary me from saturated lower itriti. 
when in impErvipu*; cover prevents evaporation Item 
top layer, or to become Loom and duiEy in long con¬ 
tinued dry weather, 

A-3—C«rie material only, no binder. Lack* liability 
under wheel Luadi r but !■ unaffected by moisture con¬ 
ditions, Net likely to hei« because of ftest, nor to 
shrink of expand in appreciable amounts. Furnish tx 
excellent support For flexible pavement of moderate 
lEiickneia and lor relatively thin rigid pivcmMa 

A -4—Silt soils, without coaric material, and with no 
appreciable smoonl of sticky colloidal day. Hai a ten¬ 
dency la absorb water very readily in quantities itiflfi- 
dent !o cau«e rapid loss of stability even when not 
manipulated. When dry of damp present* a firm tiding 
audit* which rebounds but very little upon the re- 
m dvj I ai load. Likely to cause cracking in rigid pave¬ 
ments i* a result of frost heaving, and failure In 
ffe-xlblc pavement* because of low supporting value. 

A-S—Similar ro Croup A-4 but have highly elastic 
urpparting surfaces with appreciable rebound upon re¬ 
moval oF toad even when dry. Elastic properties inter¬ 
fere with propet compaction of macadam* during con¬ 
struction and with retention of good bond afterwards. 

A-ft—Clay loili without cowrie material- In niff or 
xoFe plastic state absorb additional wa:rr only if raanip- 
Ufaled- May then Change 1.0 S liquid elite and work 
up into the piEeratke* of macadams nr e*uae failure 
due to eliding in high fills- Furnish Arm support es¬ 
sential in properly compacting macadam s only at stiff 
consistency. Deformation* OCCUr slowly and removal 
of load causes very little rebound:. Shrinkage proper¬ 
ties combined with alternate wetring and drying under 
field cnndilic-r.i are likely to CiUSr cracking in rigid 
pavements 

A-7—Similar to Croup A-d but at CErtain moisture 
contents deforms quickly under Load and rebounds ap¬ 
preciably upon removing of load, si do subgrade 1 oF 
Group A-5- Alternate wetting and drying undtr field 
conditions leads to even more detrimental volume 
changes than m Group A-d tubgradcs. May cause con¬ 
crete pavement* Id crack before setting and to crsch 


and fault ifterwardB, May contain lime or associated 
chemical* productive of flocculation in *olla- 

A-S— Very foh put and muck incapable of Supporting 
a road surface without being previously compacted. 

To eSafiily 4 given soil, a Simple ii run Ihrotlgh a series 
of tests to determine into which of the above groups 
it must timely falls. The tens to determine its clssri- 
ficatign ue as follows: 

L SIEVE ANALYSIS TEST—This test deter- 
mbiea the per rent nf total quantities that will pis* 
through seven different sire sieves. Cmsin fur¬ 
ther checks ir t made to determine the diUxib-j- 
tion nl material pjuing ihiaugh S No. 40 sieve, 

2- MOISTURE EQUIVALENT TEST—THU test 
detanninei the per emt gf weight difference be- 
i ween a dry sample and t moist sample. 

L LIQUID LIMIT TEST—Thi. test is defined 
as the per cent of moisture at which soil change* 
from a pfaitic to a liquid condition. The l«t ii 
conducted by thoroughly mixing a sample with 
water. Emoofhing It oui, marking s groove in cht 
■ample snd then determining Ihe numbei of eon- 
tTO-Ucd shocks nicexSary to -c!n*C the groove. By 
eep^jted ten* it 1* determined what mniature 
content will permit the groove to cloae with 
twenty-five ih&ckiv Thii mnistuTe cnntent it the 
liquid limit 

4. PLASTIC LIMIT TEST—This is defined as the 
per cent of moisture at which the soil changes 
Itoit. a solid to a plastic condition. Test is con¬ 
ducted by moisting a u-mplc and rolling it iftto 
a W 1 dtuncter thread with the palm of the hand. 
The mnlatyfe content at the time the thread 
begbu tg crumble determines (he Plaitic Limit. 

5. PLASTICITY INDEX—The numerical diffet- 
ence between the liquid limit and plastic limit. 

fi. SHRINKAGE TEST—ThU test determines ih-E 
"Shrinkage Limit 1 ' and the "ShrinkigE Patio"- 
Test ii conducted by purtlnf a sample in a test 
bowl, drying out. and noting volume change- 

The Shrinkage Limit (Volume nf dLih— 

- {% moisture content)— volume dry soil) 

Weight dry soil 

The Shrinkage Ratio CIW) 

Weigh! Df dey icril 

Volume of dry soil 

?- FIELD MOISTURE CONTENT—Minimum 
moisture content, cxpreircd ii a perccniage of 
tbe weight of (he oven dried anil, at which a drop 
nf water ptictti on ■ smoothed surface uf the soil 
will not immediately be abaorbed. but will in- 
itead apread out over the aarface sod, give it a 
■biny appearance. 

i- SOIL AC ID tT Y OR ALKALINITY—Deter¬ 
mine pH vilut with colorometrie tett equipirvEnt. 
One purpote Lx that a lime content has certain 
beneficial characierlitics. 


■RcTToducnf fram "Earth Uouing drtiJ Co-J»frrfijiC(iOp1 Dsfo. rt 
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SOIL 


When the above test! have been made the rtxultx *it 
curapared by Uff of charts and th€ lOti passed aCcnrd- 
UulJ r Mini y noiLi will t« bardeT Una cirn a* to dasiU 
Station- 

Although ihe uaJ trail and requiring cSaMificnSon will 
uxually give a goad index to the behavior of a 10 : 1 . it 
does nnl fill (he need for pistllc*! toil. tiavsifireafcmn 
i eTminalajry required by the engineer out mi the job- 
Under field circumiianee* he may be able to te*t the toil 
only by viiual c lamination One of the cummon elawi- 
fteatian method* used by many engineer* in the field ii 
grouping sail* by teatuie and lEnicture- The rerma are 
general and the range in any one group may be great. 

Theac group* are ax follow*? 

SANDY SOIL—Lome and granular aoiL the iadj- 
eidoal grain* of which van readily be *een «w felt and 
may rings from very line **nd la eoarte *and 

CLAY SOILS—Clay toll i* a fme-textured soil which 
forma hard lump* or elod* when dry. 

LQ AM—A loam La a aoil hiving i relatively even tnli- 
Eure of *and 4 nit and clay. 

SANDY LOAM—A and COnlliEUIlg much aand hut 
having sufficient lilt and clay to render it coherent. 

SILT LOAM—When thiiclssi of mil ta dry and pow¬ 
dered, it 1* often called "reck Rour- rt It b a xeol hav¬ 
ing a moderate amount ol fine Kind and day, over 
half the particle* bring of the aire called '"filt"', The 
dry lump* are easily broken and then feel eo-ft and 
floury. 

CLAY LOAM—A fine-textured iOjI having a large 
percentage of clay- When dry. the tlndx ire hard and 
difficult to break 

GRAVELLY OR STONY SOILS—All the above 
enils, If mixed with a eantiderable amount of pebbles, 
ere classed a* gravelly umd l«mt: tand ciiy 
sandy clay toil*, etc, 

SOIL COMPACTION 

The primary objective hf compacting *0d by sherp5 loot 
roller*. fiat wheel idler*, pneumatic tired unit*, or mhef 
mean* is To obtain a soil of a specific density in, order 
that it will earty specified ioadi without undue artlierrtfiiE, 
Much hai been written on thii aubjiect. but toil type*, 
equipment, operating rendition* and moisture content 
are JO variable that it is not prac heal Lo attempt to xta.Ee 
definitely what work ia required and what equipment ii 
needed to get certain definite results from compaetiotL 

The work ntceixiry to get the deiircd compaction on a 
apeeific job should be determined by actual teat an the 
lob- 

Sail irttlement occur* under load lor two reaionx: <1> 
Air and water are expelled from the earth due tu cpm- 
preirion: and (Z> The *arth ia forced nut laterally into 
the aurroLuidbig ao-il. 

Compaction operation! attempt to do Theic thing! atti- 
ficiaUy by tniam of niku types of roller* w tamper* 
*o tfin lettlemeot aJtei eonatnicteqn work is completed 
wilt be held tU a minimum. To do this, two principles nf 
actlnn arc involved- 


1. It lx ntmu ry io place the earth in 1ay*rx sufficient- 
ly thin to permit air and water to be cupelled effi¬ 
ciently and easily. Some loili. depending upon 
their pennB»bilitp p may be put down in thicker 
layer* than others For example, clay mim be 
placed ia thin layer* whcreai a, *audy icil could 
be rolled Ln thick layera- 

f. The second principle to conild«t ia that the com- 
preauon oF !oit particle* rrquiret movement of the 
individual particle* in order io fit them togechcr 
and fill m the void*. Before movement can t-iki 
place ftictibn mu*E h# reduced. LufcricitLcm nf the 
toil particLes by meani of moiiture will help Id 
overcome friction. Too little moiature will not 
materially reduce friction; too miith moiiture only 
mean* that the cnee*! water must be expelled. 
There is, then, aa optimum or ideal moi*ture enn- 
tent. 

Tekt* have been developed far determining the adequacy 
of w4l enmpiction. There 1* aomc diETer^nce in the exact 
procedure of testa si used by the Army Engineers and 
the varioiu State* but Ehe fundamental; principle* re¬ 
main the same. The t=XE* generally used. Jfe ^ ai . c-d QS1 
procedures eiEabliibicd by the Amtsisan Aseodatioft of 
State Highway Official* fAASHO), Three nuin ttara 
are u*ed to icpt xdlI fur proper compaction 

1. M miLuTe-coni cue teat 

2 . Unit-weight determinstinn or dcnnEy tetE, 
Compactinn text fnr Optimum-moisture content. 


The MOISTURE CONTENT TEST (Similar to Pub¬ 
lic Raid* AdiuMiiEfaiion 'Maiaiure Equivalent T«f} 
1* pied 10 delennkae the ratio of the Wfighl of the W*ter 
contained in a given iatnple to the dry weight of the 
*ampl«. The iniwer i* exp(«*ed in per cent. The Ee*t 
ia ronducEed by waighing a molit lamplt of earth, dxyma 
it in an oven, then noting th« lou in weight due to the 
water evaporation- The weight of water loit divided by 
the weight of the dry sample and Touliiphed by 1 E?G equal* 
the per oe*H of moiiture coaient. 

The UNIT WEIGHT determination i* * tilt for dcicr- 
mining the weight ol a unit volitmi- The answer i* cx- 
preiied ia pound* per cubic foot. 

The COMPACTION TEST FOR OPTIMUM MOIS¬ 
TURE CONTENT (Modified A$£HO method} i* *n 
impDrlJn-t lei! Uied to determine whs! quantity oS cnOii- 
iure in earth wiil permit the greatest compaction. II 
too- mueh water is preient more work most he done io 
expel the exces* water. Ii inefficient wafer Ifl pfficns 
the din will not compscl easily This, ECit il made by 
compacting in * itandard text machine a quantity Of the 
■ample dirt which hai b?=n thoroughly muff with 
water. After cnmpxciLim the wn|jht per umi volum= 
at Ehe completed material il determined. Nest, xunplt* 
of the compacted earth are taken and the moiirure qoo- 
tent i* determined ai in the MOISTURE CONTENT 
TEST discussed above. Frans ihl* IftformatiM* the mois¬ 
ture content for * unit weight of dirt i* now known. Thii 
same procedure i* repelled on ae^cra! xlmpEei with v*ry^ 
ing amount* of water added until the addition ol more 
water dc*i not give any weight incfe»se lor i given 
volume. The moisture content which results in ihe 
are j test weigh* per vnlUJiir ii the OPTIMUM MOI& t 
TURE CONTENT. 


Reproduced from ''Earth Moving anti ConitiHeMon Data" 
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The COMPACTION TEST FOR OPTIMUM MOIS¬ 
TURE CONTENT 33 limilar in puxpeic- Eo the STAND¬ 
ARD PROCTOR TEST. Tilt- Euro tp^ti differ id detail) 
tif pToctdu.r< U LCi [he number <4 dirt liyeri and ihick- 
ns “ ef dire. weigh! of the Dm per ui«i f w corupitnn® 
ind iht dittajirt through which the tamper ii maved.. 


MEASURE OF ANGLES 
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TABLES OF 

USEFUL ENGINEERING DATA 
MECHANICAL.ELECTRICAL 
EQUIVALENTS 

Power 

I h&itepewer ifap e 450 fpot^mdi per wand 

t»c_J 

- i3 r W0 (t.-Jb, pet mirmie (miitj 
= 1.HO.0W ft-lta. per ham CtLr.) 

= J75 ft-tena pci tec, 

= !6-S fL-tMU pet inis. 

= WO ft-ten* per hr. 

I bdTiepffwtr-ietDnd (hp-i-ee.J - sse UAb, 

— 37S rt-todi. 

I bewpowft-tninate jhp^edid.)- M m bOQ ft.-Sb, 

= JA.5 iL-Igni 


I horwp*wEr-hour (bp-hr.) 
1 JtOficpqwer (hp) 


1 hw*epower.h(dir 
I Kilbwtit-hgar 
1 th. per Mq, m. 


3 in. of mercery 
3 In. of water 


= 1.MO.DO0 ft-ib. 

— 990 

= 74* wihl (») 

= .Hfi kilowitn {kw) 

Energy 

= 2544 BTU 
S5 ,T« K W- hr- 
= 3413 BTU 
Pressure 

= Z.0W ©f mclcury it 
lZ m F. 

— an - fti wiler ii 3 j* 

f. 

— 2.3®] ft erf w^tcr it 

W Fr 

= 144 lb. ptr up ft 
= -491 IK per ug. in. 

= 5.2 IK per *q. ft. = 
D36L FSI. 


USEFUL CONVERSION FACTORS FOR 


Feet 

Liflki 

Feet 

Square Ldchei 
Square feel 
Acrn 

Sqru«re V^rdi 
Width in chim* 
Cubic feet 
Cubit inches 
U. S. bu. 

U. $. bu 
U- S- bu. 

Cubk fee? 

Cubic tndies 
U. S gall 
Ii. 5. if all 
Cubic |e*t 
Cubic inehtt 
CylindrieiJ fm 
CyJindricil in. 
Ppundi 
Poundk 


TABLE 13 

iiH?. 1 ! 7 OF LEVKL HORSEPOWER 
AVAILABLE for a four cycle gasoline 
OR DIESEL ENGINE FOR VARIOUS 
ALTITUDES 

Wfaf no « fe !. 


j ru. 

r r nuAijHn 

i 1" 

jn 

0 

954 9LI M,| 

100 o 

loo. a 

toi.s 

103 9 

ID* 2 

108,5 

X 

00019 

s 

MiJ el 

3000 

92.0 93.? 95.S 

B*.l 

97.4 

96 4 

1D0.3 

[02.5 

104.6 

X 

66 

= 

ftet 

2000 

»B.7 90.4 92.1 

93.0 

93.® 

94.6 

WH 

96.6 

I01.P 

X 

1 1 

= 

Einkl 

3000 

83 s (L2 sa.a 

5U.6 

905 

91.4 

97.3 

95 2 

97-1 

X 

.007 

= 

square feel 

HOOO 

a? 5 §4.0 &5 * 

M.5 

67.3 

662 

64.9 

91 .a 

43.a 

X 

.m 

.= 

iqyjfe yard* 

woo 

79.6 B0-9 Ba.S 

« J 

B4.2 

64 9 

aa.7 

66-5 

90.4 

X 

4,040. 


IQuXre yard* 

6000 

76.7 7^3 ?7_S 

B0.3 

ail 

§2.0 

63.6 

65-3 

67 J 

X 

O02«6 

s 

■cm 

2000 

75.2 76.7 

77.5 

7*2 

79.0 

60 6 

B2 3 

64.0 

X 

6 

— 

*ctcn per mile 

aaoo 

71^ 72.5 73.9 

74.6 

75.4 

76,2 

77.6 

79.3 

61 I 

X 

04 

= 

CI3- ydt (Ap.) 


66 6 69.9 71.3 

72.0 

72.7 

73-4 

74 S 

76A 

78.7 

X 

X 

X 

X 

WO S i 
046 

1.244 
2J» « 

= 

cu- ft. 
cb, ydi. 
hl it 
<y. m. 

lOooo 

60.2 *7.5 4B.7 

69.3 

70-7 

70.7 

72^ 

73.7 

75-3 


Eumplri Given levcn aern of land. 
4l iquait yirdl muiEiply seven by 4J40 
tqiLare yard*. 


1016 ^ U. £. bu. 

mm =± u. $. bu. 

3136a = Ca. ft 

21l. = ttt. in. 

7 11 = U. S. ills. 

D04329 = U. S. flk 

5 *71 = U. S. jfili. 

QCH = U. S. gala. 

009 := cwt {112 Lb*. J 

-0004S ~ tori* f2.JtO IbO 

To find number 
Am W«r: 31 SM 


TABLE 14 

PERCENT OF SEA LEVEL HORSEPOWER 
AVAILABLE [N TRACTOR$ AT VARIOUS 
ALTITUDES POWERED EY CMC, TWO-CYCLE 
DIESEL ENGINE {APPROXIMATE ONLY) 


All.rudr 

!P> l«l 

F<"! Lm« al 
Hdf^|i>T‘-+K 

Ahnwt 

Pei‘F*n- ■! 


ir. fvn 

AvkILiW 

0 

100.0 

WOO 

940 

IKK) 

IEW.0 

7000 

05J 

2000 

99.1 

8000 

94T 

3000 

96^2 

9000 

94.2 

4D0Q 

9T S 

LOOM 

93.6 

5000 

95.A 
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tables 


RULES OF THUMB 

Tb* Following "‘Kulf* of Thumb" ire appfOiinuttSy oillj. 

ROUND TRIP HAUL TIME IN MINUTES for 

on* war haul is fl. 

nanar-scriptr = - —- + Itf- 

100 

the estimated hourly operating and 
OWNERSHIP COST f*f t ctiwEet iraew w w|iaiL hi 
the delivered price muldpti*d bjr .0003 <Dc«i noT include 

□pcTitdt* W1K C1 >- 

GRADE RESISTANCE Lb equal w iwtntj pound* p*t 
ton «! trie cor wrisht foe each 1% df 4 f*dt. 

THE MAXIMUM POUNDS DRAWBAR PULL af 
j trawler tractdf ii equal to- 9044 df ih wolght 

REPAIRS AND REPAIR LABOR COSTS f« ■ 
crawler IfJCtQf frill amount td ibdUl 100 % erf the 
llnrad price of tin machkae *n«d oti i S^M Uf« D * 
10,030 htfllTP- 

SHEEPSFOQT COMPACTION OF SUBGRADE— 
cnnliriUE panel until lATPlJWr “Wilke UteLE OtfL" 

TO CORRECT ENGINE HORSEPOWER RATING 
FOR ALTITUDE: 

I, Fqt a xaKdinc <& fsiatf itreke cydt ename JtdiKt 
3% fxum i«m It. of altitude above hi ImL 

J, Fw a EWd iETdlce cyde deduct- t% fat «eh 

LOW feet above LOW feet. 

TO CORRECT ENGINE HORSEPOWER FOR 
TEMPERATURES: 

I, Deduct 1 % df rated power at 60 “F, fdr e«b 1ST 
temperature fi*e, 

Z. Add 1% o| rated fhawer at W'F fdr eich 10* trfn- 
pttalurc drop. 


MILES PER HOUR in FEET PER 

MINUTE AND FEET PER SECOND 

Mdefe 

Feet 

Frti 

■er HatJf 

Per Minute 

PflT Seenfld 

| 

68 

1 46 

3 

176 

2.94 

a 

264 

4.4 

4 

352 

3.87 

5 

440 

?.aa 

6 

5Z8 

a.a 

7 

610 

10.26 

8 

7D4 

11.73 

9 

792 

13-2 

to 

m 

14.67 

It 

9*8 

18 13 

12 

1.056 

17 6 

13 

1.1*4 

19 07 

14 

1,232 

20.M 

15 

1.320 

Z2.D0 

16 

S,408 

23.47 

17 

1.496 

24.93 

IB 

US4 

2ft 4 

19 

LJ72 

27.86 

*0 

1.76ft 

39 U 

si 

3.848 

3ft 8 

22 

1,936 

32.26 

Zl 

2,024 

33.72 

24 

2,112 

35.2 

zs 

2,20ft 

3ft 67 

28 

2.286 

38.14 

27 

2,376 

39 ft 

21 

2.464 

41 04 

Z9 

2.552 

42 SB 

ao 

2«fl40 

44 00 


angles of slopes 

Slope* Si td 1 .* +.... ’ " 

SLope* fi t& S ■ ■ ■ 

SLepe* 1 » 1 -■■-■■■■■. 

Sltipfi |!K to 1 , 

Slopt* L Yt t& I. 

Slope* VJ-i io I ... 

Siapet 2 tp 1 .... 

Slope* 3 Id 1 I ■ .*■ 1 .. 

Sieve* 4 to 1 .....* 


- 61- 30 

= sr w 

45 F or 
= 3ft J 4ft 

«r 

- 29 ¥ 44 

= as 
= 18" Zft' 

z= H l z‘ 


table for converting pressure 
PER SQUARE INCH into FEET HEAD 


9-5 Ln 

OF WATER 

FMt pw=a» e** fw 
H*ft4 iq Is H«4 


Fm 

Hi«* 

L 

2.31 

45 

101.90 

140 

3T3J6 

2 

4.62 

50 

1 L 5-45 

180 

3404* 

5 

ft.9 3 

55 

326-« 

EftO 

369-44 

4 

9-24 

*0 

138-54 

170 

392-53 

5 

lt-54 

65 

150.08 

380 

433 62 

6 

13.85 

TO 

Eft! .63 

190 

+3841 

7 

lfi.16 

7S 

3 7347 

ZOO 

483-80 

8 

18-47 

SO 

184.72 

225 

519.52 

9 

20 . 7 ft 

85 

196.2ft 

250 

577.25 

Ift 

23.09 

90 

207.11 

275 

634.97 

is 

34.63 

95 

219-35 

300 

892.70 

30 

4ft.l 8 

EDO 

23090 

335 

750.42 

25 

37,7* 

110 

253.99 

350 

803.35 

3ft 

ft-9.27 

120 

277.04 

375 

865.87 

35 


125 

218.67 

4DO 

02360 

4C 

92.36 

LSft 

300.17 

5E» 

It 54.45 


table for converting feet head 

OF WATER INTO PRESSURE PER 
SQUARE INCH 


Fi>h 

K**4 

V<i-=£* per 
84- tfl - 

I 

.43 

2 

A7 

3 

1.30 

4 

t-7A 

5 

2,17 

ft 

2.60 

I 

3.03 

8 

3,46 

9 

390 

to 

4.33 

IS 

6.50 

20 

1.68 

25 

10.63 

30 

L2.99 

35 

15,16 

40 

17JJ 

45 

39.49 

50 

21.65 


Fme Pduii Ja per 
HmJ Si- In 

55 zJJt 

M 25.98 

65 28.]4 

70 3ft 31 

75 12:47 

ftD J4-M 

ft5 3t 8G 

M 38-97 

95 0-13 

100 «J 

ISO 47iH 

1» «* 

130 57.29 

14ft M-6J 

150 84.05 

160 69.28 

I70 73.81 

ISO 77-94 


F HI Pmuiih 1*1 


HrJ'i 

5aJ~ D - 

190 

82.37 

200 

6ft.60 

235 

97.42 

350 

106.25 

275 

E19.0? 

300 

129-W 

325 

140.72 

350 

151-55 

375 

16-2-33 

400 

I73.2D 

500 

216JC 

ftoe 

25ft m 

TOC 

303.10 

BOO 

346.40 

900 

363.70 

1000 

433.00 



,«ii 

.>><• • 


Ri-prndWfd! frtfll "£«•* Hcota* Data. 
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APPEN DIX 


TRAVEL TIME IN MINUTES 
TRAVEL DISTANCE IN FEET 


Sjie+d in llitta P*r Hour 

im 

:od 

3W 

4«l 

5-50 

030 

?» 

itw 

909 

1009 

1.0 . ... 

14 J a 

2 27 S 

3.401 

4.340 

3-47 

4-42 

7,93 

9.00 

14.23 

' 1 [16 

2.0 . 

.JtS 

1. ] ii 

1 7G3 

2.373 

2.4* 

3,41 

191 

4.33 

M2 

4,05 

J* .. 

370 

.I3i 

I 1)5 

1 313 

1 Ifl 

2 27 

1.65 

3.63 

3 4| 

3.79 

4.5-. 

2H 

Jfl 

,t)S 

t-lM 

M2 

1.73 

3 94 

3.27 

3.56 

2.34 

3.0. 

- -' 

*454 

tlZ 

ilO 

1.14 

1-34 

I.H 

1-52 

3-04 

2-37 

M 

■ 1*S 

JJ» 

■ Sbfi 

,755 

.VI 

1.14 

1.32 

3-31 

E-79 

1-00 

T.a . 

4« 

.321 

■404 

.4.43 

,11 

.*7 

LI4 

3-30 

1,45 

1,62 

s.o 

,MJ 

.254 

42? 

473 

,71 

45 

S3 

3.14 

E 25 

M3 

9.0 ... 

4M 

Jfl 

,3?4 

303 

,« 

.74 

.10 

1*3 

1,14 

1-25 

[0 0 

-114 


.341 

.4S3 

.37 

.H 

.00 

0| 

1-92 

1.L4 

ii.a .. .. 

m 

.200 

.3LO 

.414 

.32 


.72 

33 

-93 

].□! 

1M --- 

.m 

.IBS 

■204 

-373 

.47 

.3? 

66 

.74 

-53 

.35 

IM 

-WJ 

.124 

■342 

.343 

.44 

.52 

6l, 

,79 

.?* 

.57 

Ha 

Mf 

,1 SI 

24 4 

.323 

-4] 

IV 

.37 

-4? 

,73 

.11 

IM .. 

.m 


.227 

.jnl 

.Si 

.44 

33 

4l 

,55 

.76 

IM , 

■M3 

-iefi 

4» 

-233 

,32 

.33 

.43 

.32 

JH 

.53 

2M 


411 

.IM 

.22? 

21 

.34 

40 

.43 

.31 

57 

2?-i 

-W 

.101 

431 

■3fi2 

.15 

14 

S3 

.44 

-45 

.59 

iM 


.0W 

.134 

.Ell 

.15 

.27 

.32 

.36 

-41 

.43 


EXAMPLE: To estimate time required ta travel 5S0 Feet at 6,0 MPH. 

Fifit egtatfith time lor 500 ft, « 4,0 MPH .. . 

50 ft—of time shown For 100 ft. it 6.0 MPH . 

Enter 1-04 min, for travel time For £30 Ft. at 6 MPH. 


.$3 

-09 

1.04 Minutes 


WEIGHTS AND THICKNESSES OF VARIOUS 
PIPE USED FOR HIGHWAY DRAINAGE 


DlAIAETE.fi IN INCHES 


MATERIAL 

12 

IS 

is 

24 

30 

3i 

42 

4$ 

Corrugated Metal Gage* k >> 

16 

16 

16 

14 

14 

12 

12 

12 

Wall thickness, bi**~ *.***•* + 

1/16 

1/16 

1/16 

5/ 64 

5/64 

7/64 

7/64 

7/64 

Weight per ft lb-......... 

10.5 

12,9 

16.3 

25.2 

30.9 

51-0 

59.5 

68.0 

Spiral Corr. Cast Iron Wall 









Thickness, to*. » i .. + *»< < 



6/16 

H 

7/16 

7/16 



Weight per ft lb.......... + 



65 

90 

135 

180 



Vitrified Tile D.$. Wall 









Thickness, in,.. 

1 

m 

ll A 

2 

254 1 




Weight per ft lb.. 

50 

65 

100 

SO 

290 

385 



Cast Iron Claes "B” Wall 









Thicknejj, in.. 

-62 

.66 

.75 

.89 

1.03 

US 

1.28 

1.42 

Weight per ft, 3b...., 

82 

115 

160 

233.32 

333.3 

454 

592 

750 

Reinforced Concrete Wall 









Thickness, in., + * 

2 

2'A 


3 

3 Vi 

4 

*54 

5 

Weight per lb lb.. 

38 

121 

164 

264 

378 

500 

655 

870 


ftcprodurfd from "EaJlA ^facing and Corn# ruction Data" 
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CONVEYOR BELT 


* 



For finding iMMned l«igMi ef ilDp* It* Cm- 

vtyon «f kn*W hofiMmlni diawnis *<«i vartafi! lift Tilt 
nam'd. indkAtod by dalttd li"M ihewt I3«! ■ C ° nv ' ! '®' 
wtih • hHinntil dituiKt ef (S' and » lift ef T>¥i we** 
S*„. inclined length □< MW end ■ >i=P* af ls ‘- 


40' 50' 50* 70' 

- horizontal length - 


100 ' 

] 



U&xlMUhL SAFE INCLINATIONS QE TROUGH £0 BELT CQHV ETOPSj&a H AND Li N GJj^AH 1 OUS&U L_ _ _____ 


MATERIAL 

[ft M E NT-LOOSE 
CLA Y-F1ME DRY 

C L AT-WET LUMP 
COAL- MkNE PUti 


COAL-SKZiD 


COAL-BIT SLACK 


COAL-ANTHRACITE 


COKE-OVEN HUN 


COKE ■ 51 2 £0 


C0KE-SHEE2E 


COHCHETE-WET 


1 RISE REfil 


MATERIAL 

£ A~RT H - LOOS E 
GLASS - 6 AT QH 
c RaTn 

GRAVEL-SANK SUN 


Ui ["‘H'Sl matekul 


. MUSE Pin 

, AN6tE I I 00 fl. 


32 


2 3* 


3 2.6' 
32,5 r 


UME-POWOEHEO 


LIMESTONE 


ore-fi ne 

ore” crushed 


26 a 


32 


A 0 




32-S 


ricii*6ljr 

ri^LH **it 

EG - 

2 G . G ' 1 

HflClfr.il 

Cif I II 1 

22- 

40.4H 

RQCK-tfOtFtT 

20- 

as.Jn 

“ROCK SIZED 


33.5' 1 

SALT 

| so* 

36-4' _ 

sand-pry 

I5*_ 

26.0 1 

sano-damf 

20* 

3G4 1 1 

QJJJ-f ■ J 

All 

44.5" 

5 MLf H U H 

23" 

42.4 r 

WOOD-CHIPS 


SO.9' 1 


_ 

J 


Xh.c horsepower required fit (he prime mover to 
drivtf fi Belt Ciwiveyor it the sum cl l1w» integral 
parts : 

1. Power to move the empty Belt over she Idlers. 

7, Power !□ move the lund bofi aofllllT y- 

3 . power required to lift or lowtt the load, 

4 . Power tu turn the pulley*. 

5. Fnwer required by Tappers. 


ti„ Brn'e leases. 

This may be expressed in * basic formula: 

U = Length of Conveyor (feet> 

S Belt SpcL^d Cfpm) 

T -Capacity (short tph) 

H Height of Lift or Drop I feet) 

F P = Pulley Friction 
C “ Idler Friction Factor* 

■Q - Weight of Moving Paris per Ft. of Conveyer* 


Hp at .03 L5CQ + OT + TH + fp + Tripp** + Drive l«s« 
Motor Shaft 1000 1000 1000 

Emp*t ***** 

Crii Hor«- Lh 


Bell inclination and power requirement 
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APPENDIX 


SUGGESTED speeds which are today 

CONSIDERED GOOD PRACTICE FOR VARIOUS 
WIDTHS OF BELT HANDLING VARIOUS MATERIALS 


KIND a CONDITION 
OF 


WIDTH OF BELT 

MATERIAL HANDLED 

14" 

16" 

18" 

20" 

24" 

30" 

36" 

42" 

48" 

54" 

60" 

UNSIZED COAL,GRAVEL 
STONE.ASHES. ORE, 

OR SIMILAR MATERIAL 

300' 

300' 

350‘ 

350' 

— 

400' 

450’ 

500' 

550' 

600' 

600' 

600' 

SIZED COAL, COKE OR 
OTHER BREAKABLE 
MATERIAL.. 

250* 

250' 

250' 

300' 

300' 

350‘ 

350' 

400' 

400' 

400 1 

400' 

GRAIN.WET OR DRY 
SAND. 

400' 

400' 

500' 

600' 

600’ 

TOO’ 

800' 

800' 

000' 

800' 

800' 

CRUSHED COKE,CRUSH¬ 
ED SLAG OR OTHER FINE 
ABRASIVE MATERIAL . 

250*| 

250' 

300' 

400' 

400'; 

500' 

500' 

500’ 

500’ 

500’ 

500’ 

LARGE LUMP ORE, ROCK 
SLAG OR OTHER LARGE 
ABRASIVE MATERIAL.. | 

— 

— 

— 

— 

350‘ 

350' 

400' 

400' 

400’ 

400' 

400' 





egor 


CAPACITIES Of TROUSJ4ED BELT BASED ON SPEED CF too F Pm 

FOR VARIOUS WCK5HTS or MATERIAL ° ™ F P "‘ 

I _ . CAPACITY PER MOURAT SPEED DP rQQ F P M 


BELT 

WtOTH 


I (60 # IT 

iBOb SI 

1 Z.OC = 51 


Ht 

B2t 


78? 

i3r 

66 r 

»7T 

107 T 

I07r 

I20t 

J33-T 

iGOt 

iftOt 

soot 

252 t 

294t 

31 St 

J74t 

420t 

467 T 


60Dt 

667T 



S20f 

940 T 

10 Tot 

\i9QT 

iiflor 

I33GT 

1460-r 


Bdi speed and capacity tables 
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appendix 


MINTS 

Adapif-d by Tli* Irtirftvl* nf Mdkm of Explnti **■ 
May J, 1941 

J-'cir (be fnifpQMM of thu, tist of DQNTS. the term* cMItaiwd 


Ltir>rpxii ■JuaU hr U follow*: 

TVi tirfm "ex plan res" nKaJI signify any txr nS I of tls* folldwim: 
black blasting powder. pelM puwrJcf, Hwtiftl H#*, end 
■rlfe-uk 1 bloating . napa 

Tk& term "afertrir blasting cep'" shot! Mghlrfy guy or ell af the 
following. instantaneous electric blaming cA-fl*, delay olectrur blest • 
ing capa, end delay decide ignitors with ht-Mting cep* attached., 

L DONT pMthiuw. |WWi ■**»*. transport, handle m 

rns^m'fm ukrept ifl sorirt accord art* with *wganitAtVwi*L local, 
itots, And fod*f*3 ror-^tiemo. 

2, DQNT' store oxpkuive* anywhere rirtpt in A magoxLne which 
is dean, dry, well ventilated, properly loettad, luhstkntially con¬ 
structed. and necordy locked. 

3, DON T alk-w pfnmi uhikf ^iglitoen yean nf are to handle 
ik npkdvn, * PS be a**A«it where espkd%T* in Irerrel handlml 
dr Md. 

4, DONT have oxpkaira* lying around children ten get 

then. 

Bl DONT allow 1 hv». grow. bfUAh. Of dri™ to accumulato 
within 25 fwrt of in esqdowvM fttiferine. 

s, DON'T arwko nr h*wa matches* open lighto, or erths* ftr* or 
flame, in or near an explosive* nva g* a nr. nf haVi l-hem oaadky 
wKHe handling or loading expAoDvn. 

7. DONT shoot into dplonna *tth shy llwm, W kH*™ shouting 
in the Vicinity rf an rxpktfVc* magadri*- 

B DOST A«w* Wty Frtotoltk to*li W implements in an vzpkrivm 

iTMprrlTW 

9. DOST drop, throw, or slide package* nf f^filodwa «" handle 
them roughly in any maimer. 

10. DON T open kep« of carts Of eipkw*wi» in e mag axirae- 

11. DON T open kegs ne wooden case* of explosivea with er^tallto 
too la Use a wooden wedge and wooden, robber, nr tfhrf laslk-t. 
Met* I Liu- dilteri may be- used for opening Gberhoard fjura, provided 
that the- metallic slither does not come in contact with tfa* metallic 
fasteners of the care. 

12. PONT tWre Sr k*ve pdcl( 4 f*f of eipknivr? whkh have been 

opened i*nihnu[ replacing A-lar* ooi^wr. 

13. DONT urn ttnply ejjploaivM caica Fnr kshfUtog. 

J4. DON'T permit any p*p*r prtdurt u»*d in thr Hacking fff ei- 
ploiive* to leave your AMLirmdations nf fiberboard 

caas, paper cm? UnH cwrtMiA PT cartiidps paper aboultl te 
dnslinved by burning aftrf ihay hev* been cwrofuUy eiauuned 
make Pine that they are rffifty. 

15, DONT lira OJtpWivra that arc ebvtaudy cUtcrinratwl. 
tfL- DONT ■ LPemp! In lecUttn Of pae fuje, blMUtiJ ca;*, -eketrio 
hUating cap* nf any uaher 4 Spataiy« thal have k«f*n wator-Mkfii, 
even if they hAVe dfwd Oiaf- Conault the iniin«SeCtuJ«r- 
lT. DDNT carry explnaivin in pncItwLi- of clothing-,. 

Id- DONT m*ka Pp ptuner* of erplcdrv^ b 4 nugaiine cr tw*f 
eac«ivT qiwntltiof of egp4a*ivfa. 

19. DONT fame cnrlridigrsi nf any eSpl^ivea into ■ bpnshoL* ne 
put A^y ohitruclkyni in a borfb^la. 

20- DONT die* tjpfedvaa, or drilled bok» whlk l™g loaded 
with, exph^uvrn. th ni- rijmenl to sparks from ataMfr sbavel*. lo^n- 
rtyofiwa, of any nthK 1 scmec*. 

21. DONT rpring a botehidf iw»f aether bole baded * 0 th 

ripkaJvM 

23. DONT hi*d * *p*ung bo*ehi>le with annOwf chfcrffP nf *xpta- 
hm until lL hM d^akd sufbcimtly. 

23. DOST tamp with tnet-Uif h*n or booliu Vm enly 4 wood** 
slick aiih no m4ta] part*. 

2a. DOST yw; oombuirlibla malefkl f-ov summuvg. 

25. DOST allow H*r lb* danger area nf a bUrt mmy p™™ not 
rwniis I to the blwtttqt nperitnn* 

2flL DOST hr* * btaal unliJ iU iirpios ax^advtm Art h I lift 
■dace, all j^roons and *ehkf*■ *TO »l ■ aaJe diai*#i0fl Qf undar 
aufficirr;!. ww. and untkJ Ad*3U*te warning haa Wn given. 

27, DONT Htan to the face unlll lh* wonie and farm from th* 

I ,Ihj± hive teem d^ipwtrd by tdf^UAt* venLilatkm. 

2a. DOST attempt t» Wiy«tigite ■ rruidro bsn atxin. Fnllnw nil 
a-ppbcHhJn mh-* and r^gulu io.ia. m r if nP ml** an In effect, wait 
at bakl if hour. 

3#. DOST drill, bore, nr pkl Hit ■ charge of exg4«lvas that baa 
fntoflrtd. Mw&rea rilHdd be hendkd aaly ■ woipetent and 
OEpvtwWod man, 

3fl. DOST ibibdofi mny eapfc«a«a- Dkp* °f w 

In etrirt accorddh.^ with ih- ntatboda rtWtnmended ^ th* 

ntirnifacturor. 


31. DOST rtotfe cam oF dynanute n dill the cAatridfM PUnd 
on end. 

32. DOST taa-i 1 * dynamh#. blaek btaitinf powder, or pellet 
powder ip * fi*li hw iny place where liwaatcet can get at them. 

3- 3. DOST take surplus quantitisnf permiswble dynamite, black 
blanrUng powder, or pellet powder into a mine at any une timfi. Th**e 
erplnaivca deteriorate rapidly in a damp atTDOvphnfe. 

34, DOST to black blwting ptrwdkf p#hrt powdej with per- 
ttiLwMd t*f!tedwd I?f dynamic, t^F Jyuagnite with permlasibJe 
rip|ii«y«, in thw un* bofehol* in a rtwl mine. 

:'li. DON T tamp pellet powder in a borehole hard enough In civh 
the pelleti. became- of danger of premature exploron. 

36. DOST Here bleating cap* n* etorfrttf e*pi in ths 

same bdi, onnlaliMr, or maganne "Uh *ih*f aeploaives. 

37, TW>NT k*v* blasting caps ne electric Maating apm expend 
td thfl di«et gpya pf the Min. 

34, DON T LiuWrft a wire, a nsQ, or any other implement Into the 
OfWTi fliyl of * blasting cap to remove it from a box- 

39. DON T atriki-. tamper with, nr attempt US W inva*i- 

|ata th* content* of a blasting cap or *£ ehet/k blasting cap. 

10. DON’T try pull the wif** tnrt flf «s datfric blasting cap. 

41. DOST unmeet NftMhg cig* sketric blartinfi cap* to 
"l^imBcord” except by 4hl BWlhoda rMmmmded by th* 
majniTjirturet. 

42. DON T attempt in fire a circuit nf electric blasting rws™ rxL't'pk 
by an srlri^usce qiunLity of delivered current.. 

43. DONT uk- In th* amr emeuk 4l#«teic blMtlni cap* made by 
more than one manufacturer. 

44. DONT handle esplod*** diitHhg ths appraach or progroaa of 
an dectrical Kocm-. All per*W# *h«LId retire to a pLnro nf mf* ty. 

45. DONT make wleeMWel cormecilans without &rrt making wtw 
Hut the ends df thi wi«* *« bright and cfcsan. 

46 . DONT -fellow #l*<tncal cannedimu to amv In cdAWt *^th 
other rthflettftmfc hiro wiro, rails, pdpea, the grt^khd. W «Lh*f 
poBllAe wM«n* erf euironl or patha df leakage. 

47. FXtNT have efcctrii: wire* or cable* off any ltiv4 F«*f dectiir 
blaming -:n \m or baTOhoks charml with eapk*qVM except *4 th* 
Lime <rf. a-fui for the purpow of. firm g tb# btxm. 

46. DONT u*e rleflfk bLailing cap* in vrry w«t wml; thsy 

ham adequiiba **W«f n&ustajwje and suitably insulated Irf wiseo. 

4- h DONT lj* any meana other than a bi*#Ung ^slvannmrtrr 
L-iinUifUJig s aJi-er chirride cetl fat Hwtitug sMe bLutuig oap* r 
sietgjly w when ronnccUtL in a orw!- 

50. DONT usr daro*grd ktsding nr DonnKl-rng vm in bluilng 
circuits. 

51 . DONT uk duplex leading win for single allot frnr.g 

52. DON T t-unper with or th* circuit nf a Hasting MChir* 

In any way fur any purpoee, 

53. DOST ipsjt fiJfW w energy in opmiting * blasting madune. 

54. DONT store fuse nr fuae lighter* ift ■ «t « damp place, af 
near -Ml, (owibiv, ker*ne. dial illrt Ww, Of ^milsr «lvrnta. 

35, PONT store fw n*af padiabae^ itesm prjwi^ beipkm ar 
ltov*i- 

&C. DONT handls M ^areSfrJy in cold wwatlwri. If pnaaible it 
ihcHikl hr wir 7 Tw«S sligbily t*Jore unng fr> #rnid crocking the 
waterproof cOat. 

57. DONT U« short fuae. Cut fim# long enou^i to agtrod beyond 
the collar rif th* bole and to allow tunr to retire >*My tfnm the 
bimat, N*v«r Li*? k« than P*S f*ei- 

56. PONT cut fusw ufltil *^ rendy tH Litaert ic ml * a blaming 
cap. Cut off sot Ihftl er two to insure A dry end- 
59 DONTwt fuaa on ■ slant, Cut it square acrw* with * d**n. 
iham blade-Snsl the Nik lightly Ognimt the ripdwp *nd avoid 
Lwlatini it h in plare. 

60, PONT cremp blaming caps to fum with a krufe w wnh the 
tr#*_h L r ae ■ pt*Tidj|«l cap oimpiT AMt make sure that the alp ta 
■pl-jm-Iv batoried to the fuse. 

31 PONT imc fuse and hOkkUng eapi in wrt Wuf k without haling 
a thnrnjuiJdy WBterprrwf joint between the fin And cap. 

32, DONT kink fuse lb making up proraerv « P tamping a charge. 

63. DON'T l»ld th* primer car'k'id-f* ih the hand Ufhmi tlghtihg 
fume. 

64. DON'T U^il fuse In mltf borehole until the HnU* ™tain suf 
firient summing to protect ^tpludvea from apstlw f^B the ertd 
rprt &f fn** ce a flying match h«d. 

^3, DONT try to light fu« with bumtng pepef. nthc infiaminsH* 
rerfuv, nr impTWrWil. toechea. 

3S. DONT light fiiK nenr blaoxlhg cap* or any eXpfteivM, other 
than thaw being used in tlw bkut, 
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APPENDIX 


HANDLING AND STORAGE 


American Table of Diifancfts for Storage 
of EvpSoiivos 

As Raised md Apprgwed by TJie Institute al Makers at Etplp&ives 
Janudfv 30. 1353 


EXPLOSIVES 

DISTANCES IN FEET 

WHEN STORAGE IS BARRICADED 

EXPLOSIVES 

DISTANCES IN FEET 

WHEN STORAGE IS BARRICADED 


Pounds 

In- 

Pas- 

Public 

Sepa- 

ration 


Pounds 

In¬ 

Pas¬ 

P u b lie 

Sepa- 

raliDfl 

Pounds 

flat 

n sbiied 

senger 

High. 

of 

Paunds 

Nat 

hibited 

senger 

High¬ 

ol 

Over 

Over 

Build¬ 

ings 

Railway i 

ways 

Maga¬ 

zines 

Ovei 

Over 

Budd¬ 

ings 

Rnlwijfj 

ways 

Maga- 

pn« 

2 

5 

70 

30 

30 

3 

500 

600 

340 

135 

135 

31 

5 

10 

00 

35 

35 

8 

m 

700 

355 

145 

145 

32 

10 

20 

NO 

45 

45 

10 

700 

800 

375 

ISO 

ISO 

33 

20 

30 

125 

so 

50 

11 

900 

900 

390 

155 

155 

35 

30 

40 

140 

55 

55 

12 

900 

1.000 

400 

160 

160 

36 

40 

50 

150 

60 

50 

14 

1,000 

1,200 

425 

170 

165 

39 

50 

75 

170 

70 

70 

15 

1,200 

1.400 

450 

ISO 

170 

41 

?S 

too 

190 

75 

75 

13 

1,400 

1,600 

47Q 

190 

175 

43 

100 

175 

200 

30 

30 

10 

[.600 

E.600 

490 

195 

190 

44 

125 

ISO 

215 

35 

35 

19 

i.m 

2.000 

505 

205 

195 

45 

ISO 

200 

235 

95 i 

05 

21 1 

2,000 

2,500 

545 

220 

190 

49 

200 

m 

255 

JOS 

105 

23 

2.5*0 

3,000 

530 

235 

195 

52 

250 

m 

270 

110 

110 

24 

3,000 

4,000 

635 

255 

210 

59 

300 

400 

295 

120 

120 

27 

4,000 

5,000 

695 

275 

225 

61 

m 

500 

320 

130 

130 

29 

5,000 

6.000 

730 

295 

235 

65 


NOTE I- " Explosive* 1 ’ menus flay ctwmiCfll Compound, mixture, or tlevi™, (be primary or common 
purpctJE of which id to funcLiun by explosion,, i.e . with guhf t£f>t Ur lly instants meom release of gas and 
h( i at, unl^M such compound, nuxture, or device is otherwise specifically dn^ified by the Interstate 
Commerw Comminiun. 

Note 2 - Magazine ' 1 means any building Of structure, other than an explosives manufacturing build¬ 
ing. used for the itorage of explosives. 

Note :i- "Natural Barricade’ 1 means natural featurtflof the ground, such an hills, or timber nf s u ffiuien L 
density that the sumotinding exposures which require protection cannot be seen from the magazine 
when the trees are bare of leaver. 

Note 4 "Artificial Barricade' 1 means an Artificial mound or revetted wall of earth nf a minimum 
thickness of three feet- 

NoTE ■!s — 1 'Bnrricafled" means that a building containing explosives is elfectuatly screened from * 
magazine. building, railway; nr highway, either by a- natural barricade, or by an artificial barricade of 
such height that a alraighi line from the top of any sidewall of the building containing expluaives to the 
save line of any magazine, or building, or to a point twelve Feet above the center of a railway or highway, 
will pass through such intervening natural or artificial barricade. 

Note 6 When a building containing explosives is not barricaded, the distance*! shown in the Table 
should he doubled, 

Motjk 7—"Inhibited Building' - meana a building regularly occupied in whole or in part aa a habitation 
for human beings, or any church, aehqolhouse, railroad station, store, or Other structure where people 
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EXPLOSIVES 


HANDLING AND STORAGE 


EXPLOSIVES 

DISTANCES IN FEET 

1 WHEN STORAGE IS BARRICADED 

EXPLOSIVES 

DISTANCES in feet 

WHEN STORAGE IS BARRICADED 


Poends 

In- 

Pas- 

Public 

Sepa¬ 

ration 


Pounds 

In¬ 

Pas¬ 

PuhJsc 

Sepa¬ 

rator* 

founds 

Nat 

Itabiled 

sender 

High- 

of 

Pounds 

ttul 

habited 

senger 

High¬ 

ul 

Over 

Over 

Buird- 

illjl 

Railway* 

ways 

Map- 

frnes 

Over 

Ovai ! 

Build- 

ins 

ftiil ways 

way 

Maga¬ 

zines 

6.CGQ 

7,000 

770 

310 

245 

68 

75.000 

30.000 

1,695 

690 

510 

E65 

7.000 

8.000 

800 

320 

250 

JZ 

30,000 

35,000 

1,730 

705 

520 

170 

tm 

3,000 

335 

335 

255 

75 

35,000 

90,000 

1.760 

720 

530 

175 

9.000 

10,000 

365 

345 

260 

78 

90.000 

95,000 

1,790 

790 

540 

180 

10.000 

; 12.000 

m 

370 

270 

32 

95.000 

100,000 

1,815 

?4S 

545 

185 

12,000 

14.000 

335 

3W 

27S 

87 

100,000 

110000 

1,335 

770 

550 

195 

34.000 

16,000 

300 

405 

240 

90 

110.000 

120,000 

1,855 

790 

$55 

205 

16.000 

18.000 

340 

420 

265 

94 

120,000 

130.000 

1,875 

110 

560 

215 

JS DOd 

20.000 

975 

435 

290 

n 

130,000 

| 140,000 

1.890 

335 

565 

225 

20.000 

25.000 

LOSS 

470 

315 

105 

140,000 

150,000 

t.900 

850 

570 

235 

25.000 

30.000 

U30 

500 

340 

112 

150,000 

; 160.000 

1.935 

370 

580 

245 

30.000 

35.000 

1,205 

525 

360 

119 

150,000 

170.000 

1,965 

890 

S90 

255 

35,000 

40.000 

1,275 

SW 

360 

174 

170.000 

130.000 

1,990 

905 

600 

265 

40.000 

45.000 

1,340 

570 

400 

129 

L 30,000 

190.000 

2 m 

920 

605 

275 

45.000 

50.000 

1.400 

590 

420 

135 

190.000 j 

200.000 

2,030 

935 

610 

285 

SO.OOO 

55,000 

3,460 

610 

440 

140 

200.000 

210.000 

1 2.055 

955 

620 

295 

55000 

60.000 

L5I5 

630 

455 

146 

210 000 

23O.D00 

. 2,100 

980 

63$ 

315 

G0.0M 

65,000 

1,565 

645 

470 

150 

230.000 

250,000 

2,155 

1.010 

650 

335 

65 .m 

70,000 

1,610 

660 

465 

155 

260.000 

275.000 

2,215 

1.040 

670 

360 

70,000 

75,000 

1.655 

675 

500 

160 ' 

275 000 

300.000 

2.275 

1,075 

690 

335 


are hcc ualomad to asriemhle, except any iiiiiJdin.fr or structure occupied in cofitA^Clion with the manufftO 
lure, tranB|JorlaEjqTi. nLorage, or use of AXploviYH. 

NOTK W '‘I tad way" mean* any atcAm, electric, or other railroad or railway which carried passenger# 
for hire. 

NtrTK 9—" Highway” menna any public atreeL or public road. 

Nixtk HI When two or more storage magazinea art loco ted on the »me property, each muat 

comply With the minimum distance* ftpecitod from inhabited buddings. railway#, and hiahwayn, and in 
addition they should he separated from each other by not 1« than the distances shown for Sepftration 
of Magazines,” except I ha I the quantity of explosives contained in .cap majfaziWa shall govern in regard 
Ln the spacing of said cap magazines from magazine* cnntainmg other escpIn&LveB If any two or more 
rpagaainen are separated frorn each other by less than the specified "Scpflrflf ion of Marazmrt djatancea, 
then such two Or mOrt magazines, as a group, muat be considered aa one nijiya/ine, and the total quanlity 
of explosivofl stored in such group must be treated aa if stored in a single mftKflttiw located on the Jut# 
of any magazine of the group, and must comply with the minimum dbalances specified from other 
mflgttrinea, inhabited buildings, railway!, and highways. 

Note II The Institute of Makers of Explosives does not approve the permanent storage of more than 
300,™ pounds of commercial explosive* SR one magazine or in A group of magazinea which is cOiiaidercd 
AS one magazine. 

Note 12- -This Table applies only to the manufacture and permanent storage of commcruiol explosive*. 
It is not applicable Id transportation of explosives, or any handling or temporary storage necessary or 
incident thereto. It is not intended to apply to bomb*, projectiles, Of other heavily encaaed explosives. 
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APPENDIX 


The 1954 U S. income lax regulations 
specify three ways in which depreciation 
may be figured on machinery and other 
capital assets. 

The basic method, which has been 
standard in this country lor many years, 
is known as straight line. The cost of the 
machine or other property is divided by the 
number of years it is expected to be useful. 
The resulting figure is the annual depreci¬ 
ation, which is deductible as a business 
expense. 

The taxpayer has the option of dividing 
the whole cost into his annual deprecia¬ 
tion figures, or subtracting a sale or salvage 
value first. For example, a machine that 
costs 512,960 and has an estimated life of 
sis years may be depreciated at 52160 a 
year, and finish with zero value, or it may 
be assumed to have a salvage value (scrap 
or resale) of $960 p and depreciation taken 
at S2000 a year, 

[f a fully depreciated machine with zero 
value is sold, the price obtained is business 
income. If sold while it still has book 
value, the difference between that value 
and the price will be profit or loss. 

It is standard practice to figure excava¬ 
tion machinery at zero salvage value, partly 
because its value is difficult to predict, and 
partly because it is so often sold long be¬ 
fore it is fully depreciated. 

Standard depreciation rates for many 
machines will be found in Bulletin F p 
which may be obtained for 30# a copy 
from the Superintendent of Documents, 
Washington 25, D C, Considerable latitude 
is allowed taxpayers in estimating the use¬ 
ful life of their machines according to their 
experience and bookkeeping practice. As a 
rule a longer period with smaller annual 
deductions can be substituted for standard 
procedure with little or no explanation, but 
a shorter period and higher rate is allowed 
only for good reason. 


Two additional method* of figuring de¬ 
preciation are authorized in The 1954 tax 
law, both of which agree with the facts by 
placing most of die depreciation at the 
beginning of use. These can be applied 
only to machines bought new in 1953 or 
later 

'"Declining balance method" is based on 
the total cost of the machine, without al¬ 
lowance for salvage value. The maximum 
depreciation rate is twice that allowed by 
the straight line method, but L$ applied only 
to the value at the beginning of the year, 
which is the total cost the first year, and 
the total cost less depreciation to date for 
other years. 

For example, a 520,000 shovel with a 
five year useful Life would depreciate 20% 
or $4000 each year under the straight line 
method. With declining balance, depreci¬ 
ation the first year would be 40 % of 
520,000, or SSOOO; the second year 40 % 
of 512,000* or $4800; the third year 40% 
of 57200, or $2880. At the end of the 
fifth year a salvage value of $1555.20 
would remain. 

If the shovel 1 * life expectancy were eight 
years, the depreciation each year would be 
25% of the value at the beginning of the 
year. 

"'Sum of the years-digits method” is 
based on cost less estimated salvage value. 
The number of years in its useful life is 
taken as the first figure in a descending 
series, which for a five year period would 
be 5*4,3*2.I* and for eight years S v 7 t d P 5,4 p 
3,2,1. The series is added together, giving 
15 for the five year period, or 36 for eight 
years. A fraction Is made of the number 
of years (numerator) over the total ob¬ 
tained by adding all the numbers in the 
series Together (denominator). 

First year depreciation will be this frac¬ 
tion 5/15 or 8/36, times the cost basts. 
On the $20,000 shovel* it would be $6666.67 
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or $4444,44. The second year depreciation 
is found by subtracting one from the nu¬ 
merator of the original fraction, and multi¬ 
plying the result (4/15 or 7 36) by the 
first cost. On the five year period the suc¬ 
cessive deductions would be 5/15, 4/15, 
3/15, 2/15. and 1/15, totalling 15/15. 

The amounts allowed for salvage value 
should be reasonable, but they can be ad¬ 
justed to simplify arithmetic. For example, 
if a machine with a five year life cost 
of $16,146,93 might be expected to 
bring $1,000 salvage; the salvage value 
could be taken as $1,146.93, leaving an 
even $15,000 to depreciate. In the sum of 


the years-digils met hod, depreciation would 
then be all in even thousands. 

The taxpayer has the right to use the 
three methods on different machines at the 
same lime. It is permissible to change 
from declining balance to straight line at 
any time, but other changes in method on 
a particular machine must be approved by 
tax officials. 

Special methods of computing depreci¬ 
ation may be approved, as long as they 
do not allow depreciation during the first 
two-thirds of the equipment life than would 
be obtained by use of the declining balance 
method. 
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Abrasion, Wear by rubbing of coa/sc, hard* or 
sharp materials. 

A hutment. The part of a bridge that Supports 
the end ctf the span, and prevents ihe bank from 
sliding under it. 

A foundation that carries gravity and also 
thrust loads. 

Acre. Unit for measuring land, equal to 43,560 
sq. fl.; or 4B4Q sq. yds.; or 160 sq. rd& 

The sod quality of sticking to 
buckets, bFades, and other parts of excavators. 

After Cooler. Any device which will cool com¬ 
pressed air after it is fully compressed. 

A-frame, An open structure tapering from a 
wide base to a load-bearing top, 

Aggregate. Crushed rock or gravel screened to 
siges for use in road surfaces, concrete ^ or bitu¬ 
minous mixes, 

Air Receiver. The air storage tank on a com¬ 
pressor. 

Air Waves. Air borne vibration# caused by 
explosions, 

Allay Sirei Steel compounded with other 
metals to improve it# quality. 

Ampcrc. The intensity of electric current pro¬ 
duced by one volt acting through a resistance of 
one ohm. 

Angle. The difference In direction of two lines 
which meet or tend to meet. Usually measured 
in degree#. 

Angling Oozer (Angle dozer). A bulldozer 
with a blade which can be pivoted on a vertical 
center pin* *o as to cast it# load lo either side. 

A nnulttr, ft i rig-shaped. 

Anvil Block, lo a paving breaker, a movable 
piece of steel between the air piston stem and ihe 
steel. 

A.PA. American Petroleum Institute, 

A tapered thread used, in drill strings and 
accessories. 

Apron. The front gate of a scraper body. 

A short ramp with a slight pitch, 

Assembly Rod. An external boll holding a 
machine together. 

Atmospheric Pressure. Pressure of air envelop¬ 
ing the earth* averaged as 14,7 lbs. per sq. in. at 
sea level, or 29.92 inches of mercury as measured 
by a standard barometer. 

A tiger. A totaling drill having a screw thread 
that carries cuttings away from she face. 

Auxiliary. A helper or standby engine or unit. 

Avalanche Protector. Guard plates that pre¬ 


vent loose material from sliding into contact with 
the wheels or tracks of a digging machine. 

djtj'r. A straight line around which a shaft or 
body revolves. 

The centerline of a tunnel. 

Axle. dead. A fixed shaft functioning as a 
hinge pin. 

A fixed shaft or beam on which a wheel re¬ 
volves. 

Axle* live , A revolving horizontal shaft. 

Babbitt. A soft antifriction metal composed of 
tin, antimony, and copper in varying proportion*, 
Backfarrow (Land). The first cut of a plow* 
from which ihe slice is laid on undisturbed soil- 
Back Haul. A line which pull# a drag scraper 
bucket backward from the dump point to the 
digging. 

Backfill. The mate rial used in refilling a ditch 
or other excavation, or ihe process of such re¬ 
filling. 

Backfire. A fire started to burn against and 
cut off a spreading fire. 

An explosion in [he intake or exhaust passages 
of an engine. 

Backkae. A hoe or pull shovel. 

Bail. A hinged loop used for lifting. 

A hoist yoke or bracket. 

Bailer A hollow cylinder used for removing 
rock chips and water from chum drill holes, 
Ballou. Heavy material, such as water, sand 
or iron, which has no function in a machine ex- 
eepl increase of weight- 

Balt Joint. A conned ton, consisting of a ball 
and socket, which w-ill allow a limited hinge 
movement in any direction. 

Bank. Specifically, a mas# of soil rising above 
a digging or trucking level. Generally, any soil 
which is to be dug from iL* natural position. 

Bonk Gravel. A natural mixture of cobbles, 
gravd. sand, and fines. 

Bank Measure. Volume of soil or rock in its 
original place in the ground. 

Bank Yards. Yards of soil or rock measured 
in its original position, before digging. 

Barrel. The water passage in a culvert. 

Base Line (Traversing), The main traverse or 
surveyed line running [hrougb the site of pro- 
posed" construction, from which property lines, 
street lines, buildings* etc.* are located and 
plotted on the plan- 
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Batter. Inward slope from bottom to top of the 
face of a walL 

A pile driven at an angle to widen the area 
of support and lo resist thrust. 

Baiter Boards , Horizontal boards placed to 
marl tine amt grade of a proposed butlding. 
Battery. A storage baticry or dry cell. 

]n blasting, often a blasting machine. 

Bearing- A part in which a shaft or pivot rC- 
VOlVeS. 

Bearing, anii-friction. A bearing consisting of 
an inner and outer ring, separated by balls or 
rollers hetd in position by a cage. 

fJtwj'rra:, net die- An antifriction bearing using 
very small diameter rollers between wide faces. 

Bearing, pilot. A small bearing that keeps the 
end of a shaft in line. 

Bearing, solid* A one piece boshing. 

Bearing* tkrpwout, A bearing that permits a 
clinch throw-out collar to slide along the dulch 
shaft without rotating with it 
Bed. A base for machinery. 

Bedding, Ground or supports in which pipe is 
laid. 

Bedding Plane* A separation Or weakness be¬ 
tween two layers of rock, caused by changes 
during the building up of ihe rock-forming ma¬ 
terial 

Bedrock* Solid rock, as distinguished from 
boulders. 

Bell* An expanded part at one end of a pipe 
section, into which the nest pipe fits. 

Beil Crank. A lever whose two antis form an 
angle at the fulcrum, or a triangular plate hinged 
at one corner 

Belt Conveyor. An endless pulley-driven bell 
supported on rollers, which transports material 
placed on its upper surface¬ 
men^. A working level or step in a cut which 
is made in several layers. 

Bench Markr A point of known or assumed 
elevation used as a reference in determining and 
recording other elevations. 

Bench Terrace. A more or Ics* level step be¬ 
tween steep risers, graded into a hillside. 

Bends (Caisson disease). A cramping disease 
induced by coo rapid decrease of air pressure 
after a stay in compressed atmosphere, as in a 
caisson. 

Bent (Set). In tunnel timbering, two posts and 
a roof timber* 

Bern t. An artificial ridge of earth. 

Bid. To make a price on anything: a proposi¬ 
tion either verbal or written, for doing work and 
for supplying materials and/or e^uipmeni¬ 
ff indcr' Fines which hold gravel together when 
it is dry- 

A deposit check that makes a contract valid. 
Bit. The part of a drill which cuts the rock or 
soil. 

Bit\ carbide. A bit having inseris of tungsten 
carbide. 


Bit, chopping. A bit that is worked by raising 
and dropping. 

Bii m Coring. A bit that grinds the outside ring 
of the hole, leaving an inner core intact for 
sampling. 

Bit. diamond, A rotary bit having diamonds 
set in its cutting surfaces. 

Bit., drag. A diamond Or fishtail bit. 

A bit that cuts by rotation of fixed cutting 
edges or points. 

Bit, fishtail . A rotary bit having cutting edges 
or knives. 

Bit, muiri-use. A bit that is sharpened for new 
service when worn. 

Bit, plug. A diamond bit that grinds Out the 
full width of the hole. 

Bit, roller. A hit that contains cutting elements 
that are rotated inside it as it turns. 

Bit, throwaway. A hit that is discarded when 
worn. 

Bituminous. Containing asphalt or tar, 

Black Powder. Gunpowder, A mixture of 
carbon, sodium, or potassium nitrate, and sulphur. 

Blade, Usually a part of an excavator which 
digs and pushes dirt but docs not carry ft* 

Blanket. Soil or broken rock left or placed 
over a blast lo confine or direct throw of frag¬ 
ments. 

Blast. To loosen or move rock or dirt by 
means of explosives or an explosion. 

Blast Hole, A vertical drill hole 4 or more 
inches in diameter, used for a charge of explo¬ 
sives. 

Btasiing Gelatin, A jelly-like high explosive 
made by dissolving nitrocoiion in nitroglycerin. 

Blasting Machine (Battery), A hand operated 
generator used to supply firing current to bitting 
circuits. 

Blasting Mat* A steel blanket composed of 
woven cable or interlocked rings. 

Bleed. To remove unwanted air or fluid from 
passages. 

Blinding. Compacting soil immediately over a 
tile drain to reduce its tendency to move into the 
file. 

Clogging of a screen. 

Block. A pulley and its case. 

Block, crown. A sheave set suspended at the 
lop of a derrick. 

Block , snatch. A sheave in a case having a pull 
hook or ring. 

Block, sling. A frame containing two sheaves 
mounted on parallel axles, so that they will line 
□p when pulled from opposite directions. 

Block, traveling. A frame for a sheave or a set 
of sheaves that slides in a track. 

Block haling. Blasting boulders by means of 
drilled holes. 

Blue Tops. Grade stakes whose tops indicate 
finish grade level. 

&M. Bench mark. 
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Body. The load carry mg part of a truck or 
scraper. 

Body, quarry , A dump body with sloped sides. 
Body, rock, A dump body wish oak planking 
set Inside a double steel floor- 
Bogie (Tandem) (Tandem drive unit). A two 
axle driving unit in a truck- Also called tandem 
drive unit or a [andetn. 

Boom. In a revolving shovel, a beam hinged 
lo the deck front, supported by cables. 

Any heavy beam which is hinged at one end 
and carries a weight-lifting device at the other. 

Boom, crane. A long, light boom* usually of 
lattice construction. 

Boom, jack, A boom whose function is to 
support sheaves I hat carry lines to a working 
boom. 

Boom, lattice- A long, light shovel boom fabri¬ 
cated of criss-crossed Sled or aluminum angles Or 
tubing. 

live. A shovel boom which can be lifted 
and lowered without interrupting the digging 
cycle. 

Booster, An auxiliary device that increases 
force or pressure. 

Booster Pump, A pump that operates in the 
discharge line of another pump, either lo increase 
pressure, or to restore pressure lost by friction in 
the line or by lift. 

Boring, Rotary drilling. 

Borrow pit. An excavation from which ma¬ 
terial hi taken to a nearby job. 

Boulder. A rock which is too heavy to be lifted 
readily by hand- 

BowL The bucket or body of a carrying 
scraper. 

Sometimes (he moldboard or blade of a 
doier. 

Boi r« A transmission. 

A dump body. 

fJu.r Girder r A hollow steel beam with a 
square or rectangular cross section. 

Box Thread. The female side of A.P.l. laptftd 
thread. 

Brake. A device for slowing, stopping, and 
holding an object. 

disc, A brake which utilizes friction 
between fixed and rotating discs, or between discs 
and shoes. 

Brake Drum. A rotating cylinder with a ma¬ 
chined inner or outer surface upon which a brake 
band or shoe presses, 

Brake r friction. A brake operating by friction 
between two surfaces rotating or sliding on each 
Other- 

Brakr Horsepower. The horsepower output Of 
an engine or mechanical device. Measured at the 
flywheel or belt, usually by some form of 
mechanical brake. 

Brake, self energizing- A brake that is applied 
partly by friction between its lining and the 
drum. 


Brake, tooth (Jaw brake), A brake used to 
hold a shaft by means of a tooth or teeth en¬ 
gaging with fixed sockets. Not used for slowing 
or stopping. 

Braze, To solder with brass or other hard 
alloys. 

Break, To twist open or disconnect. 

A short rest period. 

Breast Board. A temporary barrier to prevent 
the digging face from caving or flowing into a 
tunnel. 

Breast Timber. A leaning brace from the floor 
of an excavation to a wall support. 

Bridge. In an electric blasting cap, the wire 
that is heated by electric current so as to ignite 
the charge. 

Some limes the shunt connection between the 
cap wires- 

Bridle Cable. An anchor cable that is at right 
angles to [he tine of pull. 

Bridle Hitch. A connection between a bridle 
cable and a cable or sheave block. 

Brinell Test. A method of determining the 
hardness of metal by the indentation of a stand¬ 
ard steel ball of known hardness under a definite 
toad. 

British Imperial Gallon. A fluid gallon equal to 
1,2 U,3. gallons approximately; contains 277,42 
cu- in. There are b.22 such gallons per cu- ft. 

Bucket. A part of an excavator which digs, lifts 
and carries dirt. 

Bucket Loader. Usually a chain bucket loader, 
sometimes a tractor loader or shovel do/cr. 

Bucket Sheave {Padlock sheave), A pulley at¬ 
tached to a shovel bucket, through which the 
hoist or drag cable is reeved. 

Bucket, slat An openwork bucket made of 
bars instead of plates, used in digging sticky soil. 
Bucking, Sawing a tong log into shorter pieces. 
Buffer. A pile of blasted rock Left against or 
near a face to improve fragmentation and re¬ 
duce scattering from the next blast. 

A movable "met a l plate used In tunnels to limit 
scattering of blasted rock. 

Bulkhead, A wall or partition erected to re¬ 
sist ground or water pressure. 

Bull Clam. A bulldozer fitted with a curved 
bowl hinged lo the top of the front of the blade. 

Bull Gear. A toothed driving wheel which is 
the largest or strongest in the mechanism. 

Bull wheel. A large driving wheel or sprocket. 
Bulldozer. A tractor equipped with a front 
pusher blade. 

A cleaning blade that follows the wheel Or 
ladder of a ditching machine. 

In a machine shop, a horizontal press. 
Bidigrader, Trade name for an International 
(formerly Bueyrus-Frie) angling dozer. 

Bumboat. A small boat equipped with a hoist 
and used for handling dredge lines and anchors. 
Bumper (Guard), A slotted or perforated 


GJ 


GLOSSARY 


plate shai holds a check type air valve near its 
«at. 

Burden, The di&Lmce from a drill hole to ihe 
fate, or the volume of rock to be moved by the 
explosive In a drill hole. 

Burn. To cue with a torch. 

To pulverize with very heavy explosive 
charges. 

Burn Cut. A narrow section of rock pulverized 
by exploding heavy charges in parallel holes. 

Bushing. A metal cylinder between a shaft and 
a support or a wheel* that serves to reduce To¬ 
taling frielion and EO protect I he parts. 

Bathing, split- A bushing made in two pieces, 
for ea-M of insertion and removal. 

Bun Joint (Open joint). In pipe, flat ends that 
meet but do not cverlap- 

Caft Guard. On a dump truck, a heavy metal 
shield extending up from the front wall of the 
body and forward over I he cab. 

Cable, Rope made of sleet wire. 

Cable, backhaul. In a cable excavator, the line 
tbal pulls the bucket from [he dumping point 
back lo the digging- 

Cnb/e Control Unit. A high speed tractor 
winch having one lo three drums under separate 
control. Used to operate dozens and towed 
equipment, 

Cable, dra^. In a dragline or hoe, |hc line that 
pulls the bucket toward the shovel. 

Cable Excavator. A long range, cable-operated 
machine which works between a head mast and 
an anchor. 

Cable, inhstul (Digging line). In a cable exca¬ 
vator, the line that pulls Eh-e bucket to dig and 
bring in soil. 

Caffe. A circular frame lhal limits ihe mo¬ 
tion of balls or rollers in a bearing. 

Cairn. A pile of stones used as a marker. 

Caisson. A box or chamber used In conduction 
work under water. 

Cam. A rotating or sliding piece, or a projec¬ 
tion on a wheel, used to impart exactly limed 
motion to light parts. 

Camber, Vertical convex curve in a culvert 
barrel* 

Outward lean of the front wheels of a motor 
vehicle. 

Cantilever. A lever-type beam that is held 
down at one end, supported near the middle, and 
supports a load on the other end. 

Cap . A detonator, set off by electric current or 
:i burning fuse. 

A fined or threaded piece to protect the lop of 
a pile from damage while being driven, 

,A pipe plug with female threads. 

The roof or top piece in a three piece limber 
set used for tunnel support. 

Cap, delay . An cteclric blasting cap that ex¬ 
plodes at a set interval after current goes ihrough 
it 


Cap , millisecond delay (Short delay). A deto¬ 
nating cap that fires from 20 to 500 thousandths 
of a second after the firing current passes through 

it. 

Capillary Attraction. The tendency of water lo 
move into fine spaces* as between soil particle*;, 
regardless of gravity. 

Capillary Movement. Movement of under¬ 
ground water in response to capillary attraction. 

Capillary Water. Underground water held 
above the water table by capillary all faction. 

Capstan (Cal head), A non-winding winch 
used with soft rope. 

Carbide. Tungsten carbide, a very hard and 
abrasion-resistant compound used in drill bits and 
other tools. 

Carbide Bit. A steel bit which contains inserts 
of tungsten carbide. 

Carbon Steel. Usually a hardened steel not 
alloyed with other metals. 

Carriage. A sliding or rolling base or sup¬ 
porting frame. 

Carrier . A rotating or sliding mounting or case. 

Carryall. Trade name for Le Tourneau- 
Westinghouse scrapers. 

Carrridge, A wrapped stick of dynamite or 
other explosive. 

Casing. A pipe lining for a drilled hole. 

Casing Spider. A frame and wedge set that 
supports the top of a casing string while new 1 
sections are added. 

Caster. A wheel mounted in a swivel frame so 
that it ts steered automatically by movement* of 
its load. 

In an automotive vehicle, the toe-in of the 
front wheels. 

Cat. A trade marked designation for any 
machine made by the Caterpillar Tractor Com¬ 
pany. Widely used to indicate a crawler tractor 
or mounting of any make. 

Cat Head. A capstan winch. 

Cmsk inner. Operator of a crawler tractor. 

Catwalk. A pathway, usually of wood or metal, 
(hat gives access to parts of large machines. 

Cave (Caving). Collapse of an unstable bank. 

Center of Gravity. Thai point in a body about 
which all the weights of all the various parts 
balance. It is found experimentally by balancing 
on a knife edge or a point. 

The center of mass of a cm or a fill 

Center of Mass. In a cut or a fill, a cross 
section line that divides its bulk into halves. 

Cemerpin (Center pintle). In a revolving 
shovel, a fixed vertical shall around which ihe 
shovel deck turns. 

Centigrade. A temperature scale On which the 
freezing point of water at sea level atmospheric 
pressure is indicated as Q- and its boiling point 
as 100*. Degrees centigrade PC) equals Fahren¬ 
heit PF) menus 32 multiplied by 

Centralizer. A device that lines up a drill steel 
or string between the masi and ihe hok. 
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Centrifugal Foret. Outward force exerted by a 
body moving in a curved line. Il is the force 
which tends to tip a car over in going around a 
curve. 

Centripetal Force. The force or restriction 
exerted inward to keep a body moving in a 
curved line. The force which keeps a car from 
being thrown out of a curve about which it is 
moving is centripetal force. 

Cetane Number. An indication of diesel fuel 
ignition quality. The cetane number of a fuel 
in the percentage by volume of cetane in a mix¬ 
ture of cetane and alpha-methyl napthlalene 
which matches the unknown fuel in ignition 
quality. American diesel oil usually varies from 
30 to 60 cetane. 

c.f.m. Cubic feet per minute, A standard 
capacity or performance measurement for com¬ 
pressors. 

C-frame. An angling do*er lift and push frame. 

Chain. A tow line or drive helt made of inter¬ 
locked links. 

A surveyor's steel tape measure. 

Chain, breakaway (Safety chain), A chain 
that holds a tractor and a towed unit together if 
the regular fastening Opens or breaks. 

Chain Bucket Loader (Bucket loader). A 
mobile louder that uses a series of small buckets 
on a roller chain to elevate spoil to the dumping 
point. 

Chain, leaf. A silent chain designed for low 
speed heavy duly work. 

Chain, logging. A chain composed of links of 
round bar bieces curved and welded to interlock, 
with a grab hook ai one end and a round hook 
at the other. 

Chain y roller. Generally, any sprocket-driven 
chain made up of links connected by hinge pins 
and sleeves. 

Specifically* a chain whose hinge sleeves are 
protected by an outer sleeve or roller that is free 
to turn. 

Cham, silent. A roller-type chain in which the 
sprockets are engaged by projections on the link 
side bars. 

Chain, mud type. A roller chain in which the 
inner (block S links are connected solidly by non- 
rotaling bushings. 

Chanfer I Chamfer). To bevel or slope an edge 
or corner. 

Channel Terrace. A contour ridge built of soil 
moved from its uphili side, which serves to divert 
surface water from a held. 

Check Darn. A dam that divides a drainage Way 
into two sections with reduced slopes. 

Check Valve. Any device which will allow 
fluid or air to pass through it in only one direc¬ 
tion. 

Cherry Picker. A small derrick made up of a 
sheave on an A-frame* a winch and winch line, 
and a hook. Usually mounted on a truck. 

Chip Blasting. Shallow blasting of ledge rock* 


Chipping. Loosening of shallow rock by light 
blasting or air hammers. 

Chock. A hiock used under and against an ob¬ 
ject to prevenl it from roiling or sliding. 

Choker. A chain or cable so fastened that it 
tightens on its load as it is pulled. 

Choker Hook (Round hook). A hook that can 
slide along a chain. 

Chord A straight line connecting two points 
on a curve. 

Chuck. The part of a drill that rotates the 
steel. 

A device that clamps a rod or shaft. 

Churn Drill (Spudding or well drill}> A ma¬ 
chine that drills holes by dropping and raising a 
bit and drill string hung by a cable. 

Circle. In a grader, I he rotary table which sup¬ 
ports the blade and regulate* its angle. 

Circle Reverse. The mechanism that changes 
the angle of a grader bladc- 

Ctam. A clamshell bucket. 

Clamshell. A shovel bucket with two jaws 
which clamp together by their own weight when 
it is lifted by the closing line. 

A shovel equipped wrlh a clamshell bucket. 

Clay. A "heavy" soil composed of particles less 
than 1/256 mm in diameter. 

Clean. Free of foreign material-' In reference 
to sand or gravel, means lack of binder. 

Cleavage Plane. Any uniform joint* crack, or 
change in quality of formation along which rock 
will break easily when dug or blasted. 

Clevis. A shackle. 

A split end of a rod, drilled for insertion of a 
pin through the two sections. 

Clinometer. A hand instrument for measuring 
grades by sighting. 

Clod Buster. A drag I hat follows a grading 
machine to break up lumps. 

Closing Line (Digging line). The coble which 
closes lhe jaws of a clamshell bucket. 

Cloth r wire. Screen composed of wire Of rod 
woven and crimped into a square Or rectangular 
pattern. 

Clutch. A device which connect* and discon¬ 
nects two shaft* which revolve in line with each 
olhcr- 

Clatch, automatic. A dutch whose engage¬ 
ment h controlled by centrifugal force, vacuum* 
or other power without attention by the operator 

Clutch Brake. A device la slow the jackshaft 
when a dutch is released, to permit more rapid 
gear shifting. 

Clutch, centrifugal. A clutch that Is kept in 
engagement only by centrifugal force, so that it 
automatically disconnects the pow-ct train when 
the engine idles. 

Clutch, denture, A jaw dutch. 

Clutch, disc. A coupling Shat can be engaged 
to transmit power through one or more discs 
squeezed between a back-plate and! a movable 
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prefigure plate. and that cart be disengaged by 
moving [he plates apart. 

Clutch, fluid, A fluid coupling other than a 
torque converter. 

Clutch, /flu 1 (Positive or denture clutch h A 
toothed hub and a sliding toothed collar I hat can 
be engaged to tranvmtl power between I wo shafts 
having the same axis of revolution. 

Cfutch A lockup. A dutch that can be engaged 
to provide a non-dip mechanical drive ihrough a 
fluid coupling. 

Clutch. overrunning (Free wheeling unit). A 
coupling that transmits rotation in only one di¬ 
rection. and disconnects when the torque h 
reversed. 

Clutch , slip (Safely clutch). A friction duich 
that protects a mechanism by slipping under ex¬ 
cessive toad. 

Clutch. wet (Oil clutch), A dutch that oper¬ 
ates in an oil bath- 

Cohhte. Rounded stone with diameter of 4 to 
12 inches. 

Cifcking. Tipping sideward. 

Running oil center. 

Cockpit. The pari of a tractor or grader con¬ 
taining the operator's seat and controls. 

Cfieoii Men, A fabric of wood fibers used to 
distribute water evenly over a smooth surface. 

Cofferdam. A set of temporary walls designed 
to keep koiI and/or Heater from entering an exca- 
VitiDn. 

Cohesion, The soil quality of slicking together. 

Conduit. A pipe or tile carrying water, wire, 
or pipes. 

Collar. A sliding ring mounted on a shaft so 
that it does not revolve with tl F Used in clutches 
and transmissions. 

The open end of a drill hole. 

Collaring, Starling a drill hole. When the hole 
is deep enough to hold the bit from slipping out 
of it, it is said id be collared. 

Compaction, Reduction in bulk of fill by roll- 
ing. tamping or soaking. 

Compacted Yards, Measurement of soil or 
rock after it has been placed and compacted in a 
fill. 

Compensating Drive. In i four wheel drive 
truck, a free wheeling unit in [he from propeller 
shaft that allows the front wheels to go farther 
than the rear on curves. 

Compression. For sleel wheel rollers, the com¬ 
pacting effeci of ihe weigh! at ihe bottom of the 
roll, measured in pounds per linear inch of roll 
width. 

Compression Ratio, The ratio of I he volume of 
space above a piston at the bottom of its stroke 
to the volume above ihe piston at the top of its 
stroke. 

Compression Roll (Drive roll). The drive 
wheel of a steel wheel roller. 

Compressor. A machine which compresses air. 
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Concussion . Shock or sharp air waves caused 
by an explosion or heavy blow. 

Cone of Depression. The dried up area of soil 
around a single underground suction point. 
Contour Line, A level line crossing a slopc- 
Convtyor . A device that transports material by 
belts, cables, or chains. 

Conveyor* apron, One or more endless chains 
carrying overlapping or interlocking plates that 
carry bulk material* on their upper surface. 

Conveyor Belt. An endless bell of rubber- 
covered fabric that transports material on its up¬ 
per surface. 

Conveyor, decline, A conveyor that transports 
downhill. 

Conveyor . feeder. A short conveyor belt that 
supplies material to a long bell. 

Conveyor, screw. A revolving shaft fitted with 
auger-type flights that moves bulk materials 
through a trough or tube. 

Corduroy r A road made of logs laid crosswise 
on the ground or on other logs. 

Cordwood. Wood cut in 4-foot or shorter 
lengths to be used as fuel. 

Core. A cylindrical piece of an underground 
formation cut and raised by a rotary drill with a 
hollow bit. 

Core Barrel. A hollow cylinder containing a 
socket and choker springs for holding a section of 
drilled rock. 

Core Drill, A rotary drill, usually a diamond 
drill, equipped with a liollow bit and a core lifter. 
Corrosion, Wear or dissolving away through 
■chemical action as by rusting, or acids. 

Countershaft. A shaft which receive* power 
from a parallel mainshaft, and transmits it to 
another part of the mainshufi or to working 
parts. 

Counterweight. A “dead” or non working load 
attached to one end or side of a machine to bal¬ 
ance weight carried on the opposite end, 

A working part attached or positioned partly 
for the purpose of improving machine balance. 

Coyote Holes. Horizontal tunnels in which ex¬ 
plosives are packed for blasting a high rock face- 
Cradle. A support bracket with a hinged con¬ 
nection to its load, 

A carriage. 

Crone, A mobile machine used for lifting and 
moving loads without use of a bucket. 

Crankshaft, The engine shaft that converts the 
reciprocating mot ion and force of pistons and 
connecting rods to rotary motion and torque. 

Crawler. One of a pair of roller chain tracks 
used to support and propel a machine, or any 
machine mounted on such tracks. 

Creep. Very slow travel of a machine or a part. 
Unwanted turning of a shaft due to drag in a 
fluid coupling or other disconnect device. 

Crimp. A tight bend in metal made under pres¬ 
sure. 

Cross Hair, A hair mounted horizontally a 
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telescope so as to divide the Held of view into 
halves, 

Crosshead. A connection between a connecting 
rod and a piston rod which is guided so as to 
move in a straight line. 

Cross Section. A profile taken at right angles 
to the centerline of a project. 

Cross Section Paper. Paper ruled in squares for 
convenience in drawing and measuring. 

Crowd. The process of forcing a bucket into 
the digging, or the mechanism which does the 
forcing. Used chiefly in reference to machines 
which dig by pushing away from themselves. 

Crown. The elevation of a road center above 
its sides. 

The curved roof of a tunnel. 

Crown Fire, A fire burning in tree tops. 

Crumbed A “bulldozer" blade that follows the 
wheel or ladder of a ditching machine Co clean 
and shape l he bottom. 

A machine which reduces rocks to 
smaller and more uniform sizes. See also Jow, 
Gyratory, and Hammer Mill. 

Culvert. A pipe or small bridge for drainage 
under a road or structure. 

Curtain Drain (Intercepting dram), A drain 
that is placed between the water source and the 
area to be protected. 

Carve, vertical. A change in gradient of the 
center line of a road or pipe. 

Cut. To lower an existing grade. 

An artificial depression. 

To stop an engine. Or throttle it to idling 
speed. 

Cot and Cover, A work method which involves 
excavation in the open, and placing of a tem¬ 
porary roof over it to carry traffic during further 
work. 

Cut. gross. The total amount of excavation in 
a road or a road section, without regard to fill 
requirements. 

Cut, net. The amount of excavated material to 
be removed from a road seel ton, after complet¬ 
ing fills in that section. 

Cutter (Culler head). On a hydraulic dredge, 
a sel of revolving blades at the end of the suction 
line. 

Cutting. Excavating. 

Lowering a grade. 

Cycle, digging. Complete set of operations a 
machine performs before repeating them. 

Cylinder. In hydraulic systems, a hollow cyl¬ 
inder 6l me Lai, contain ing a piston, piston rod 
and end seals, and fitted with a port or ports to 
allow entrance and exit of fluid. 

Cylinder, slave. A small cylinder whose piston 
is moved by a piston rod controlled by a larger 
cylinder. 

Dan Valve . A drain for a well bailer that 
opens automatically when rested on the ground. 


Datum. Any level surface taken as a plane of 
reference from which to measure elevations. 

Dead Axle . See Axle, dead- 
Dead Furrow. The line in a field where two 
directions of plowing meet, and the slices arc 
turned away from each Other- 
Deudheiuting. Traveling without load, except 
from the dumping area to the loading point. 

Deck Screens. Two or more screens, usually 
of the vibrating type, placed one above the other. 

Decking. Separating charges of explosives by 
inert material which prevents passing of concus¬ 
sion, and placing a primer in each charge. 

Decompression. The process of reducing high 
air pressure gradually enough not to injure men 
who have been working in it- 

Deflagration. To burn with sudden and slarlhng 
combustion. Describes explosion of black powder* 
in contrast with more rapid detonation of dyna¬ 
mite. 

Degree of Curve. The number of degrees at 
the center of a circle subtended by a chord of 100 
ft. at its rim. Occasionally in highway surveying 
It is defined as the central angle subtended by an 
are of IOC feet. 

Delay . An deelric blasting cap which explodes 
at a set interval after current is passed through it- 
Detuv, short period (Millisecond delay). An 
electric blasting cap that explodes I/5D to ^ 
second after passage of an electric current. 
Density. The ratio of the weight of a substance 
10 its volume. 

Derrick. Usually a non-mobile tower equipped 
wiih a hoist, but may be used as a synonym for 
crane. 

Detail Drawing. A large scale drawing showing 
all small parts, details, dimensions, etc. 

Detergent , A chemical compound that acts to 
dean surfaces and to keep foreign mailer in so¬ 
lution or suspension. 

Detonation. Practically Lnstanianeous decom¬ 
position or combustion of an unstable compound, 
with tremendous increase in volume. 

Detonator. A device to start an explosion, as 
a fuse or cap. 

Dewatering. Removing water by pumping, 
drainage, or evaporation. 

Diamond Driii. A light rotary drill, most often 
used for exploratory work and blast holes. 
Diaphragm, A flexible partition between iwo 
chambers, 

Dieseling. In a compressor, explosions of mix- 
lures of air and lubricating oil in the compression 
chambers or other parts of l he air syslcm. 

DiSereniiah A device that drives two axles and 
allows l hem to turn at different speeds to adjust 
to varying resistance. 

Differential, non-spin (Limited action differen¬ 
tial!, A differential that will turn both axles, 
even if one offers no resistance. 

Differential. f»o i peed. A differential having 
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b high-low gearshift between the drive shall ond 
the ring gear. 

Diffuser, Inner she] I and water passages of a 
centrifugal pump. 

Biggins Une. On a shovel, the cable which 
forces the bucket into the soil, Called crowd in 
a dipper shovel, drag in a pull shovel and drag¬ 
line and dosing line in a clamshell. 

Dike, A long low dnm, 

A thin rock formation that cuts across the 
structure of surrounding rock. 

Dimension 5ione. Rock quarried in blocks to 
predetermined sizes, in such a manner a$ not to 
weaken or shatter it. 

Dip. The slope of layers of soil or rock, 

Dipper. A digging bucket rigidly attached to a 
stick or aim. 

Dipper Stick. A name for the standard revolv¬ 
ing shovel (dipper shovel), and for the straight 
shaft which connects ihc bucket with ihe boom. 

Dipper Trip. A device ihal unlatches ihe door 
of a shovel bucket to dump the load. 

Direction of Irrigation, Direction of flow ol 
irrigation water Usually at right angles To the 
supply ditch or pipe. 

Ditch. Generally, a long narrow excavation. 

In rotary drilling, a trough carrying mud to a 
screen. 

Ditcher, (adder. A machine that digs trenches 
by means ot buckets mounted on a pair of chains 
traveling on the exterior of a boom. 

Ditcher p wheel. A machine that digs trenches 
by rotation of a wheel fitted with toothed buck¬ 
ets. 

Diversion Valve, A valve which permits flow to 
be directed into any one of two or more pipes. 

Dog. A heavy duly lalch, 

Dolly. A unit consisting of draw tongue, an 
axle with wheels, and a turntable platform to 
support a trailer gooseneck. 

A small wheeled carriage designed to support 
heavy machines. 

Donkey, A winch with two drums which are 
controlled separately by clutches and brakes, 

Dope. A viscous liquid put on pipe threads lo 
make a light joint. 

Double. In rotary drilling, two pieces of driEI 
rod left fastened together during raising and 
lowering. 

Don. fc te-Chitch i ng . Disengaging and engaging 
(he dutch twice during a singte gear shift, in 
order to synchronize gear speeds. 

Downstream Face . The dry side of a dam. 

Dozer, Abbreviation for bulldozer or shovel 
dozer. 

Dozer Shovel (Shovel doscr), A tractor 
equipped with a front-mounted bucket that can 
be used for pushing, digging, and truck loading. 

Draft. Resistance to movement of a towed 
load. 

Drag. Pulling a bucket into the digging, or the 
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mechanism by which the pulling is done or con¬ 
trolled. 

Drag Brake. On a revolving shovel, the brake 
which stops and holds the drag (digging) drum. 

Drag Scraper, A digging and transporting de¬ 
vice consisting of a bottomless bucket working 
between a mast and an anchor, 

A towed bottomless scraper used for land 
leveling. Called "leveling drag scraper" to dis¬ 
tinguish from cable type. 

Dragline. A revolving shovel which carries a 
bucket attached only by cables, and digs by pull¬ 
ing the bucket toward itself. 

Dragshovel (Hoc, Back hoc> or PulEshovcl)- A 
shovel equipped with a jack boom h a live boom, a 
hinged stick and a rigidly attached bucket* that 
digs by pulling toward itsdf. 

Drain, intercepting (Curtain drain), A drain 
lhat intercepts and diverts ground water before 
it reaches the area to be protected. 

Drainage Head, The furthest or highest spot in 
a drainage area. 

Draw, A small valley or a gully. 

Drawbar, In a tractor* a fixed or hinged bar 
extending to the rear„ used as a fastening for 
lines and towed machines or loads. 

In a grader, the connection between the circle 
and the front of the frame. 

Drawbar Horsepower. A tractor's flywheel 
horsepower minus friction and slippage losses In 
the drive mechanism and the tracks or tires. 

Drawbar Fall, The pull a tractor can exert On 
a load attached to the drawbar. Depends on 
power, weight, and traction. 

Draw Knife. A curved, two handled knife used 
m digging tlay r 

Draw Pin . A removable pin that attaches a 
load to a drawbar. 

Drawpoint, A spot where gravity fed ore from 
a higher level is loaded Into hauling units. 

Drsw Tongue. A bar hinged to a lowed ma¬ 
chine, fitted with some device for attaching it to 
a tractor. 

Draw Works, The power distribution and con¬ 
trol machinery of a rotary drill. 

Dredge, To dig under water, 

A machine that digs under water. 

Drift, A small nearly horizontal tunnel. 

Drifter, Ail air drill mourned on a column or 
cross bar, and used for horizontal drilling under' 
ground. 

Drill r auger^ See Auger. 

Drill Bit. See Bis , 

Drill, blast hole . A machine capable of drill¬ 
ing holes 4 inches or more In diameter to a depth 
of 100 or more feet. 

Drill, churn (Spudding drill), A drill that cuts 
its hole by raising and dropping a chisel bit. 

Drift Collar. Thick walled drill pipe used im¬ 
mediately above a rotary bit to provide extra 
weight. 

Drill* core . A drill thai cuts around a cylinder 
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of rode or soil, and lifts it to ihc surface for ift- 
spcaiem. 

Drilt, diamond r A rotary drill that u*££ a 
diamond-Studded bit. 

Drill Doctor, A mechanic or shop that sharp¬ 
ens and services drill bits* tools and steels. 

Drill, percussion r A drill that hamiften and 
rotates a steel and bi( r 

Sometimes limited to large blast hole drills cf 
the percussion type. 

Drill Pipe. The sections of a rotary drilling 
string connecting the kelly with the bit or collars. 

Drill, quarry, A blast hole drill. 

Drill Steel r Hollow siccl connecting a percus¬ 
sion drill with the bit. 

Drill String. In rotary drills, all revolving parts 
below the ground. 

In chum drills, the tools hanging from the 
drilling cable. 

Drill. wall. A churn drill, mounted on a track. 

Drilling, core. Exploratory drilling that in¬ 
clude* cutting cylinders of rock or soil and bring* 
ing them to the surface for inspection. 

Drilling, directional tOffset drilling). Curving 
a rotary drill hole to avoid obstacles or to reach 
side areas. 

Drilling, solid. In diamond drilling, using a bit 
that grinds the whole face, without preserving 
a core for sampling. 

Drive. To dig or make a tunnel 

To hammer down piling. 

Drive Clamp. A collar fitted oh a churn drill 
siring to enable it to be used os a hammer to 
drive casing pipe. 

Drive, positive. A driving connection to two or 
more wheels or shafts that will turn them at ap¬ 
proximately the same relative speeds under any 
conditions. 

Drop Hammer. A pile driving hammer that is 
lifted by a cable and that obtains striking power 
by falling freely. 

Drum. A rotating cylinder with side flanges, 
used for winding in and releasing cable. 

Drum, spudding. In a churn drill, the winch 
that controls I he drilling line. 

Dry Well. A deep hole, covered, and usually 
lined or hi led with rocks, that holds drainage 
water until it soaks into the ground. 

Dynamic, Forces tending to produce motion. 

Dynamic Buhner. A condition of rest created 
by equal strength of forces tending to move in 
opposite direction*. 

Dynamiter A mixture of an explosive or ex¬ 
plosive* with relatively inert material 

Dynamite, straight- A dynamite in which nitro¬ 
glycerin i* the principal or only explosive. 

Earth Drill. An auger. 

Eccentric. A wheel or cam with an off-center 
axis of revolution. 

Ejector. A cleanout device, usually a sliding 
plate. 


Elevating Grader . See Belt Louder. 

Eievation (Surveying). The height of a point 
above a plane of reference. 

Elevator. A cage hoist, 

A machine that raises material on a belt or a 
chain of small buckets. 

Embankment. A fill whose top is higher than 
the adjoining surface. 

Erosion. Wear caused by rawing water or 
wind. 

fjicrtfuiEOiT, unclassifiedr Excavation pud for 
a fixed price per yard, regardless of whether 
it i* earth or rock. 

Exploit. Excavate in such a manner as to uti¬ 
lise: material in a particular vein or layer, and 
wa*te or avoid surrounding material. 

Explosive, A chemical compound that can de¬ 
compose quickly and violently. 

Explosive. high. A material that detonates, 
that is, explodes utmost instantaneously r 

Face. The more or less vertical surface of rock 
exposed by blasting or excavating, or the cutting 
end of a drill hole. 

An edge of rock, used as a starting point in 
figuring drilling and bJasting- 
The width of a roll crusher 
Factor of Safety. The ratio of the ultimate 
strength of the material to the allowable or work’ 
ing SEfess. 

Fairlrtid. A device which lines up cable so that 
it will wind smoothly onto a drum. 

False Set EHorsehead). A temporary support 
for forepoles used in driving a tunnel in soft 
ground. 

Fast Powder. Dynamites or other explosives 
having a high speed detonation. 

Faulting. Jn geology, the movement which pro¬ 
duces relative displacement along a fracture in 
rock. 

Feather. To blend the edge of new unite rial 
smoothly Into the old surface. 

Feed. A mechanism which pushes a drill into 
its work. 

The process of supplying material to a convey¬ 
ing or processing unit. 

Feeder- A pushing device or short belt that 
supplies material to a crusher or a conveyor. 

Feed Travel. The distance a drilling machine 
moves the steel shank in traveling from lop to 
bottom of its feeding range 

ferrule. A short unthreaded lube or bushing 
shrunk or soldered onto a tube or line 

Fifth Wheel. The weight* bearing swivel con¬ 
nection between highway-lype tractors and semi¬ 
trailers. 

An unnecessary machine or person working on 
a job. 

Fillr An earth or broken rock structure or em¬ 
bankment- 

Soil or too*e rock used to raise a grade. 

Soil that has no value except bulk. 
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Fill* net. In sidehill work, the yardage of fill 
required at any siation. tess the yards of material 
obtained from the cut at that elation. 

Fill. net carretted, N!ct iiJI after making al¬ 
lowance for shrinkage during compaction. 

Fitter Bed. A fill of pervious soil that provides 
a site for a septic field. 

Fitter Cake (Mud cake). A deposit of mud on 
the walls of a drill hole- 

Firuif Drive. A set of reduction gearing close 
io or inside of a drive wheel. 

Frnfj. Clay or sill parti Lies in soil. 

Finish Grin!?, The final grade required by 
specification!*. 

Fishing. The operation of recovering an object 
left or dropped in a drill hole. 

Fitting, poured. A wire rope attachment fas’ 
Eened to it by separating the wires, expanding 
them in a conical socket, and filling it with mof- 
ten zinc. 

Fining, wedge jacket. A wire rope attach 
mem in which the rope lies in a too-small groove 
between a wedge and a housing, sp that pull on 
the rope lightens the Wedge. 

Flail. A hammer hinged lo an axle so that il 
can be used to break or crush material. 

Flame Gun. A large blowtorch using kerosene 
for fuel. 

Flange, A ridge that prevents a sliding motion, 

A rib or rim for sirength or for attachments. 

Fleet Angle, The maximum angle between a 
rope and a line perpendicular to the drum on 
which il winds. 

Flight. The screw thread £ helix) of an auger. 

Float. In reference lo a dozer blade—lo rest 
by its own weight, or to be held from digging 
by upward pressure of a load of dirt a gains! its 
moldboard. 

Flotation. Separation of minerals by floating 
She lighter ones in a fluid. 

The weight supporting ability of a lire, crawler 
(rack, or piriform on soft ground. 

Flow Gradient. A. drainage way slope deter¬ 
mined by I he elevation and distance of the inlet 
and outlet, and by required volume and velocity. 

Fluid Clutch. A hydraulic coupling which does 
not increase torque. 

Flmd Drive. A connection between two shafts 
lhat transmits torque through a fluid. 

Flume. An artificial channel* often elevated 
above the ground, used lo carry fasi flowing 
water* 

Follower. A piston that maintains a light pres¬ 
sure against a variable amount of fluid in a con¬ 
tainer. 

Foot, fn tamping rollers, one of a number of 
projections from a cylindrical drum. 

Foot Pins. The hinge which attaches the boom 
toi a revolving shovel. 

Foot-Pound. Unit of work equal to the force 
in pounds multiplied by the distance in feet 
through which ii acts. When a 1 pound force is 


exerted through a 1 foot distance, I foot pound 
of work Is done. 

Foot Valve. A check valve in the inlet end of 
a pump suction hose. 

Footing (Foot wall), A sill under a founda¬ 
tion. 

Ground, in relation to its load hearing and 
friction qualities, 

ford. A place where a road crosses a stream 
under water. 

Forepote. A plank driven ahead of a tunnel 
face to support the roof or wall during excava¬ 
tion. 

Fork, A two-pronged rod or yoke used to slide 
shifting collars along iheir shafts. 

Fork Head. A wheel-guiding frame with a 
swivel connection to the machine or vehicle that 
rests on it, (A caster framej 

Foul Air Duct. A suction line in a tunnel ven¬ 
tilation system. 

Four hv Four 14x4), A vehicle with four 
wheels or sets of wheels, all engine driven. 

four‘Fun Line, A single rope or cable reeved 
around pulleys so Thai four strands connect the 
fixed and the movable units. 

fotirfle. In rotary drilling, a unit of four drill 
pipes left coupled together, 

French Dibitt (Rubble or stone drain). A cov¬ 
ered ditch containing a layer ,of fitted or loose 
stone or other pervjpus material. 

Friction. Resistance to motion when One body 
is sliding or tending to slide over another. 

Front. The working attachment of a shovel, as 
dragline, hoe, or dipper slick. 

Front End Loader. A tractor loader with a 
bucket which operates entirely at the front end 
of the tractor. 

Frost. Frozen soil. 

Frost Line. The greatest dcpih to which 
ground may be expected to freeze. 

Fulcrum, A pivot for a lever. 

Fail Trailer. A towed vehicle whose weight 
rests entirely on its own wheels or crawlers, 
{■units. Usually smoke from an explosion. 
Fumes, excellent. Fumes that contain a mini¬ 
mum of xoxic and irritating chemicals. 

Fuflier, poor. Toxic or irritating chemicals pro¬ 
duced by an explosion. 

Fuse. A thin core of black powder surrounded 
by wrappings, which, when lit ai one end, wilt 
burn to the other at a fixed speed. 

Fuse, detonating. A string-tike core of PFTN. 
a high explosive* contained within a waterproof 
reinforced sheath. "PrimacoriT is the hc.st known 
brand. 

Gantry. An overhead structure that supports 
machines or operating parts. 

An upward extension of a shovel revolving 
frame that holds the boom tine sheaves. 

Gauge (Gage). Thickness of wire or sheet 
metaL 
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Spacing of tracks or wheels. 

Gear. A toothed wheel, cone* or bar. 

Gear,, bevel. A gear made of teeth cut In the 
surface of a truncated cone. 

Gear, bull. A gear or sprocket that is much 
larger than the others in the same power train. 

Gear, cluster. Two or more gears of different 
sizes made in one solid piece. 

Gear, helical . A gear with straight or curved, 
teeth cut at an angle of less than 90 3 to the direc¬ 
tion of rotation. 

Gear, herringbone* A gear with V-ieeih- 

Gear r idler. A gear meshed with two other 
gears that docs not transmit power to its shaft. 
Used to reverse direction of rotation in a trans¬ 
mission. 

Gear, pinion* A drive g^nr that \% smaller than 
the gear it turns. 

Gear, planetary set, A gear set consisting of 
an inner (sun; gear, an outer ring with internal 
teeth, and two or more smalt {planet) gears 
meshed with both the sun and the ring. 

Gear, rack- A TOOthcd har. 

Gtar. sprocket. A gear that meshes with roller 
Or silent chain. 

Gelatin, blasting- A high explosive made by 
dissolving ml roe ot Eon in nitroglycerin, Lt is the 
slrongcsl and highest velocity commercial explo¬ 
sive. 

General Drawing, A drawing showing eleva¬ 
tion plan,, and cross section of the struclure* also 
the borings for substructure and the main dimen¬ 
sions* etc. 

Giant ( Monitor}* in hydraulicking, a large 
high pressure nozzJc mounted in a swivel on a 
skid frame. 

Glory Hole. A vertical pit, material from 
which is fed by gravity to hauling units in a shaft 
under the pit bottom/ 

Gooseneck. An arched connection, usually be¬ 
tween a tractor and a trailer. 

Grade. Usually the elevation of a real or 
planned surface or structure. Also means surface 
slope. 

Grader , A machine with a centrally located 
blade that can be angled to cast to either side, 
with independent hoist control on each side. 

Grade Stake, A stake indicating the amount of 
cut or fill required to bring the ground to a spe¬ 
cified level. 

Gradient. Slope along a specific route, as of a 
road surface, channel or pipe. 

Grapple. A clamshell-type bucket having three 
or more jaws. 

Gravel. Rock fragments from 2 mm to 64 mm 
{.08 to 2-5 inches) in diameter. Or a mixture of 
such gravel with »and T cobbles, boulders, and not 
over 15 percent of fines. 

Grease, Thick oil. 

A solid Or semi-solid mixture of oil with soap 
or other tillers. 


Grid. A set of surveyor's closely spaced refer¬ 
ence lines laid out at right angles* with elevations 
taken at line intersections. 

Grief Stem, A kelly. 

Grizzly- A coarse screen used to remove over¬ 
size pieces from earth or blasted rock. 

A gate or closure on a chute, t May be spelled 
■'grizzlic,") 

Ground pressure. The weight of a machine 
divided by the area in square inches of the 
ground directly supporting it. 

Ground Waves, Vibration!! of soil or rock. 

Grouser. A ridge or cleat across a Irack shoe, 
which improves its grip on the ground, 

Grout. A cementing or scaling mixture of 
cement and water, to which sand, sawdust. Or 
other fillers may be added. 

Grubbing. Digging out roots, 

Guage Size, The width of a drill bit along the 
cutting edge. 

Guard (Bumper). In a compressor check valve 
a backing or retaining plate for the movable part. 

Gudgeon. A reinforced bushing or a thrust ab¬ 
sorbing block. 

Guy. A line that steadies a high piece or struc¬ 
ture by pull against an off-center load or other 
guys, 

Gypsy Spool (Cat head), A capstan winch. 

Gyratory Crusher. A crusher having a central 
conical member with an eccentric motion in a cir¬ 
cular chamber tapering from a wide lop opening. 

Half Track. A heavy truck with high speed 
crawler track drive in the rear and driving wheels 
in from. 

Hammer Mill i Hammcrmill). A rock crusher 
or a shredder employing hammers or flails on a 
rapidly rotating axle. 

Handle (Stick), In a dipper shovel or hoe* the 
arm that connects the bucket with the boom. 

Hand Level, A sighting level that does not 
have a tripod, base, or telescope, 

Hardpan- Hard, tight soil. 

A hard layer that may form jus! below plow 
depth on cultivated land. 

Harrow, An agricultural tool that loosens and 
works ihe ground surfacc- 

HauL Average Haul— The average distance a 
grading material is moved from cut to fill, 

Haul Distance—Is Ihc distance measured along 
the ccnler line or most direct practical route be¬ 
tween the center of ihc mass of excavation and 
the center of mass of the fill as finally placed, lt 
is ihe distance materia! is moved. 

Haul, station yat Is of— Equals the number of 
cubic yards multiplied by the number of 100 ft. 
stations through which it is moved. ^ 

Haul, free—Is the distance every cubic yard is 
entitled to be moved without an additional charge 
for haul. 

ffauL over -Is the distance in excess of dial 
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given as the staled haul distance to haul tuca* 
vated material. 

Haulage way. A main tunnel connecting under¬ 
ground excavation areas with an exit. 

Haulaway* An excavation mclhod which in¬ 
volves hauling the spoil away from the hole. 
Haunch, In pipe, the sides of the lower I hard 
of the circumference. 

Head. Height of water above a specified point. 
The hack-pressure against a pump from a high 
outlet. 

Heading. Jn a tunnel, a digging face and its 
work area. 

Head t \fa if . in a cable excavator, the tower 
that carries the working tines, 

Ht’iiJwali f Sidewall). A culvert sidewall. 
Sometimes only I he upstream wall. 

Heap, The sdl carried above ihe sides of a 
body or bucket 

Heel. A floor brace or socket for wal Embracing 

limbers. 

The [railing edge of an angled blade. 

Heeling In. Temporary planting of trees and 
shrubs. 

HelicaL Spiral. 

//. /. Height of instrument- 

Htgh Line. A high tension electric line. 

Electric power supplied by a uiiliiy, 

High Wait. A face which is being excavated r as 
distinguished from spoil piles. 

Undisturbed soil or rock bordering a cut. 

Hinge. A connection which allows swinging 
motion in one plane. 

Hitch . A horizontal shelf along the side of a 
rock tun rid ^ that supports roof timbers, 

A connection between I wo machines, 

Hoe (Backhoe. pulkhovd). A shovel that digs 
by pulling a boom-and-siick-mourned bucket 
toward itself. 

Hog Box. A concrete box in which water and 
dirt are mixed to be pumped to a fill. 

Hoist, The mechanism by which a bucket or 
blade is lifted, or lhe process of lifting it. 

Hood. A casing on the end of a suction line 
lhat causes it to pick up material from the bot¬ 
tom only. 

A curved baffle that prevents scattering and 
separation of maierial discharged by a conveyor 

Hook, cable. A round hook with a wide 
beveled face. 

Hook. grab. A chain hook that will slide over 
any one link, but will not slide along the chain. 

Hook, pintle , A towing bracket having a fixed 
lower pari, and a hinged upper one, which when 
locked together make a round opening that can 
hold a tow ring. 

Hook, found (Slip hook). A hook that has 
smooth inner surface, and will slide along a 
chain. 

Hook, safety (Lockon hook), A round hook 
with a hinged piece across the opening, that 


allows a tine to enter it readily, but requires 
special manipulation to remove it. 

Hook, swivel. A hook with a swivel conned 
tion to its base or eye. 

Hopper. A storage bin or a funnel that is 
loaded from the top, and discharges through a 
door or chute in the boilom. 

Horizon, A horizontal layer. 

Horse. A saw horse or other simple frame or 
support. 

Horxehctid (False set} r A temporary support 
for forepoEes used in tunneling soft ground. 

HP (hp). Horsepower. 

Horsepower. A measurement of power that in¬ 
cludes the factors of force and speed. 

The force required to lift 33*000 pounds one 
fool in one minute. 

Horsepower, drawbar. Horsepower available to 
move a tractor and its load, after deducting losses 
in (he power train. 

Horsepower, indicated. The horsepower de¬ 
veloped in the cylinders. Determined by use of 
an indicator gauge. Does not include engine fric¬ 
tion losses. 

Horsepower , rated. Theoretical horsepower of 
an engine based on dimensions and speed. 

Power of an engine according to a particular 
standard. 

Horsepower, shaft (Flywheel or belt horse¬ 
power). Actual horsepower produced by the 
engine, after deducting the drag of accessorie,s. 
Holdback. An automatic safciy device shat 
prevents a conveyor belt from running backward. 

Holding Line , The hoist cable for a clamshell 
bucket. 

Hot Milt. To heat metal, then shape iL 
Housing. A heavy case or enclosure for ro¬ 
tating parts. 

Huh. The strengthened inner part or mount¬ 
ing of a wheel or gear. 

Hull. The substructure and deck of a ship or 
dredge. 

Humus. Decayed organic matter. 

A dark fluffy swamp soil composed chiefly of 
decayed vegetation, that is also called peat. 

Hunting Tooth. A sprocket and roller chain 
combination in which one has an odd number of 
con taco, and the other an even number,, so that 
no tooth will contact ihc sarnc pin twice in 
succession. 

Hydraulic Dredge. A floating pump that sucks 
up a mixture of water and soil, and usually dis¬ 
charges it on land through pipes. 

Hydraulic Fill. Fill moved and placed by 
running water, 

. Hydraulic Gradient. The slope of the surface 
of open or underground water. 

Hydrauiicking. Excavating on dry land by 
means of water jets. 

Hydrometer, A device (usually a float in a 
■ u ^ e ) measuring the specific gravity of 
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Hydrostatic^ Re bring to prepare or cquilab- 
Hum of fluids. 

Hygroscopic. Water absorbed from the atmos¬ 
phere, 

Hypoid* A pinion-and-ring gear set trans¬ 
mitting rotation through a right angle by means 
of teeth having structure intermediate between a 
bevel arid a worm set. 

J.C*C* Interstate Commerce Commission. 

[diet. A wheel or gear which changes the direc¬ 
tion of rotation of shafts, or the direction of 
movement of a chain or belt. 

Impeller* A rotary pump member using cen¬ 
trifugal force to discharge a fluid into outlet 
passages. 

Impervious. Resistant to movement of water. 
Inclined Plane* A slope used 10 change the 
direction and speed-power ratio of a force. 

Inertia* The property of mailer by which it 
will remain at rest, or in uniform motion in a 
straight line, unless acted upon by an external 
force. 

Jnhtnd. The line or mechanism by which a 
cable excavator bucket is pulled toward the 
dump point. 

Injector* In a diesel engine, the unit that sprays 
fuel Into the combustion chamber. 

Instrument* A telescopic levcL such as a transit 
or a builders 1 level. 

Intercepting Drain . Curtain drain. 

Intercooler, A radiator in which air is cooled 
while moving from low pressure to high pressure 
cylinders of a two stage compressor. 

Intermediate Shaft . A shaft which is driven by 
One shaft, and drives another 

Interruptions. Secondary cutters in auger drills. 
Invert* The inside bottom of a pipe or tunnel. 

lack. A mechanical or hydraulic lifting device. 
A hydraulic ram or cylinder. 

Jack Boom* A boom which supports sheaves 
between ihc hoist drum and the main boom in a 
pull shovel or a dredge. 

Jack Hammer. An air drill that hammers and 
rotates a hollow steel and a bit* and that can be 
operated by one man. 

Jackknife. A tractor and trailer assuming such 
an angle to each other that the tractor cannot 
move forward, 

JacUeg. An outrigger post. 

Jackshaft. A short drive shaft, usually connect¬ 
ing a clutch and transmission. 

Jars. A tool in the churn drill string which 
contains slack to allow hammering upward t& 
free a stuck bit. 

Jaw* In a clutch, one of a pair of foolhcd rings, 
the teeth of which face each other- 

in a crusher, one of a pair of nearly flit faces 
separated by a wedge-shaped opening. 

Jaw Clutch. A clutch consisting of two toothed 


jaws, one of which slides along its shaft to engage 
or disengage from the other. 

Jaw Crusher. A fixed and a movable jaw 
widely spaced at the top and close at the bottom, 
with means to move one jaw toward and away 
from the other- 

Jetting. Drilling with high pressure water or 
air jets. 

Jetty. A long fill or structure extending into 
water from the shore, that serves to change the 
direction or velocity of water flow. 

Jib Boom* An extension piece hinged to the 
upper end of a crane boom. 

Jig* A guide used in shaping pieces of wood 
or metal. 

Journal. That pari of a rotating shaft or axle 
which turns in a load-supporting bearing. 

Jumbo. A number of drills mounted on a 
mobile carriage,, and used in tunnels. 

Kelly* A square or fluted pipe which Is turned 
by a drill rotary table, while it is free to move up 
and down in the table. Also called grief stem. 

Key . A hard steel strip inserted in matching 
grooves (keyways) in a shaft and a hub to make 
them turn as a unit. 

Keyhole Slot. A slot enlarged ill one end to 
allow entrance of a chain or bolt that can then 
be held by the narrow end. 

Key way, A square edged lengthwise slot in a 
shaft or hub. 

Kill. Cut off electric current from a circuit. 

Stop an engine. 

Kilowatt. An electrical unit of work or power, 
Equal to 1000 watts. 1.34 horsepower h and 1.18 
KVA- 

Kiflgpin (King pin). A vertical swivel or hinge 
pin, usually supported at both lop and bottom. 

Knife* The dirt cutting edge of a digging 
machine, 

KVA (Kilovolt-ampere) Approximately 
of a kilowatt. 

Lacing. Small boards or patches that prevent 
dirt from entering an excavation through spaces 
between sheeting or lagging planks. 

Ladder The digging boom assembly in a hy¬ 
draulic dredge Of chaimand-buckets ditcher. 

Ladder Ditcher. A machine that digs ditches 
by means of buckets in a chain that travels 
around a boom. 

Log. Delay in one action following another. 

To install lagging, or increase the diameter of 
a drum. 

Lagging. The surface or contact area of a 
drum or flat pulley, especially a detachable sur¬ 
face or one of special composition. 

In a tunnel, planking placed against the dirt 
or rock walls and ceiling, outside the ribs. 

Boards fastened to the back of a shovel for 
blast protection. 

Logging, split* Drum lagging made in two 
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pieces to allow changing it without dismantling 
the drum. 

Land. A backfurrow. 

Land Lev tier. A towed scraper with a bottom¬ 
less bucket centrally mounted in a long frame. 
Used chiefly in agricultural grading. 

Land Tilt. Porous day pipe with open (butt) 
joints. 

Laminated. In thin para ltd layers. 

Z-fj.iT/rrfi. Ln a centrifugal pump, a hollow cas¬ 
ing on the engine side of the pump body. 

Lapped. Overlapped and fitted together. 

Lay, The direction of twist in wires and strands 
in wire rope. 

Lay, hug- A wire rope construe![on in which 
the wires are iwjstcd in the strands in the same 
direction as the strands arc twisted in the rope. 

Lay ; regular. A wire rope construction in 
which the direction of twist of the wires in the 
strands is opposite to that of the strands in 
the rope. 

Layshnft. A fixed shaft supporting revolving 
drums. 

Lead t Leader). In a pile driver, the Usually 
vertical hanging beam that guides the hammer 
and the pile. 

Lead Wires, In blasting, the heavy wires that 
connecl the firing current -source or switch with 
the connecting or cap wires. 

Leif. A side post in tunnel timbering, 

A wire or connector in one side of an electrical 
circuit. 

Level. To make level or to cause to conform to 
a specified grade. 

Any instrument that can be used to Indicate a 
horizontal line or plane. 

Leveling Rod (Surveying). A telescoping rod 
marked in feet and fractions of feet, and fitted 
with a movable target or sighting disc. 

Lever. A bar that pivots so that force applied 
at one pan can do work at another, usually with 
a change in the force-distance rallo. 

Lever, firtf A bar having a fulcrum 

(pivot point) between the points where force is 
applied and where it is exerted. 

Lever, second class. A lever whose force i$ 
exerted between the fulcrum and the point where 
jt is applied. 

Lever „ third class. A lever to which force is 
applied between the fulcrum and the work point. 

Lift. A step or bench in a multiple layer ex¬ 
cavation. 

Line. A cable, rope, chain, or other flexible 
device for transmitting pull. 

To line pieces up in order to couple I hem to¬ 
gether. 

Line, drilling. In a churn drill, the cable that 
supports and manipulates the tools. 

Line Oder. An oil reservoir and metering de¬ 
vice placed in a compressed air line to lubricate 
air tools. 

Lure, spinning. A line wrapped around a 


threaded pipe, so that a pull will rotate the pipe 
to fasten or unfasten it from another. 

Lip, The cutting edge of a bucket. Applied 
chiefly to edges including tooth sockets. 

Liquid Limit. Minimum moisture eontcnl 
which wilt cause soil to flow if jarred slightly. 

Load. To place explosives in a hole. 

To transfer material so a hauling unit or 
hopper- 

Load Binder. A lever that pulls two grab hooks 
together,, and holds them by locking over center. 

Load, deck. Charges of dynamite spaced well 
apart in a borehole, and fired by separate primers 
or by detonating cord. 

Loot! Factor. Average load carried by an 
engine, machine, or plant, expressed as a per¬ 
centage of jL* maximum capacity. 

Loader, belt (Elevating grader). A machine 
whose forward motion cuts soil with a plowshare 
or disc and pushes it to a conveyor belt that 
elevates it to a dumping point. 

Loader, bucket. A machine having a digging 
and gathering rotor, and a set of chain mounted 
buckets to elevate the material to a dumping 
point. 

Loader, from end. A tractor loader that both 
digs and dumps in front. 

Loader, paddle, A belt loader equipped with 
chain driven paddles that move loose material to 
the belt. 

Loader, re.versed, A front end loader mounlcd 
on a wheel tractor having the driving wheels in 
front and steering at the rear. 

Loader , swing, A tractor loader that digs in 
front, and can swing the bucket to dump to the 
side of the tractor. 

Loader , tower. A front end loader whose 
bucket is lifted along tracks on a more or less 
vertical tower. 

Laader, tractor r A [factor equipped with a 
digging bucket that can dump info hauling equip¬ 
ment. 

Loam, A soft; easily worked soil containing 
sand, siJ[ r and clay. 

Lock. In a compressed air system, a chamber 
that can be opened to pressure air at one end, 
and to atmospheric air at th t other. 

Logging Tongs, Tongs with end hooks lhat 
dig in when the tongs are pulled. 

Loose Yards, Measurement of soil or rock 
after it has been loosened by digging or blasting. 

Low Bed , A machinerv trailer with a low 
deck. 

Lag Down. To slow down an engine by in¬ 
creasing its loud beyond its capacity, 

MA (Mechanical advantage)* Increase in 
force obtained at the expense of speed or dis¬ 
tance. 

Machined. A smooth surface finish on metal. 

Shaped by cutting or grinding. 
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Magazine, A structure or container in which 
explosives are stored, 

MnmfoM- A chamber or tube having a number 
of Inlets and one outlet r or one inlet and several 
outlets. 

Mass Diagram. A plotting of cumulative cuts 
and fills used for engineering computation of 
highway jobs. 

Mass Profits A road profile showing cut and 
fill in cubic yards. 

Mass Skoaiing, Simultaneous exploding of 
charges in all of a large number of holes, a* 
contrasted with firing In sequence with delay 
caps. 

Mast. A tower or vertical beam carrying one 
or more load lines at its top. 

Mastk- A soft scaling material - 

Mat. A heavy, flexible fabric of woven wire 
rope or chain used to confine blasts. 

A wood platform used in sets to support 
machinery on soft ground- 

Mechsmlcut Efficiency, As applied to engines it 
is the ratio of the useful horsepower available 
at the flywheel or power takeolf lo the horse¬ 
power developed in the engine cylinders, ex¬ 
pressed in percent. 

Meshy In wire screen, the number of openings 
per lineal inch. 

Metering Pin. A valve plunger that controls 
the rate of flow of a liquid or a gas. 

Millwright. A mechanic specializing in in¬ 
stallation of heavy machinery in permanent 
plants. 

Military Crest- A ridge that interrupts the 
view be!ween a valley and a hilltop. 

Millisecond Delay [Short period delay}. A 
type of delay cap with a definite but extremely 
short interval between passing of current and 
explosion. 

Mining. Usually removal of soil or rock hav¬ 
ing value because of its chemical compos! tion- 

Misfire. Failure of all or part of an explosive 
charge to go of. 

Mixed Furr. In tunneling, digging in dirt and 
rock in the same heading at the same time. 

mm. Millimeter. 

Mote tMole ball! An egg-shaped device 
pulled behind the tooth of a subsoil plow to open 
drainage passages. 

Moldboard. A curved surface of a plow, 
dozer, or grader blade, or other dirt mover; 
which gives dirt moving over it a rolary, spiral, 
or twisting movemenl- 

Mamiar (Gianl). In hydmilkking, a high 
pressure nozzle mounted in a swivel on a skid 
frame. 

Mouse Hole. In a rotazy drill substructure, a 
socket that holds a single piece of drill pipe 
ready to be added to the string- 

Muck. Mud rich in humus. 

Finely blasted rock, particularly from under¬ 
ground. 


Mud* Generally any soil containing enough 
water to make it soft, 

Ln rotary drilling, a mixture of water with fine 
drill cuttings and added material, which is 
pumped through the drill siring to clean the hole 
and cool the bit. 

Mudcapping. Blasting boulders or other ruck 
by means of explosive laid on the surface and 
covered with mud. 

Multi Use Bit. A detachable drill bit I hat can 
be sharpened and reshaped when worn. 

Multiple Lines* A single line reeved around 
two or more sheaves so as lo increase pull at 
the expense of speed. 

Net Cut, In sidehill work, the cut required less 
lhe fill required at a particular station or pari 
of a road. 

Net Fill. The fill required, less the cut re¬ 
quired, at a particular station or part of a road- 

New York Rad. A level ing rod marked wilh 
narrow lines H ruler-fashion. 

Air- The seizing of slonc between the jaws or 
rolls of a crusher. 

A ip, angle of. In a roll crusher, ihc angle be¬ 
tween tangents to the roll surfaces at the widest 
point at which they will grip a stone. 

Nipple. A short piece of pipe wilh male 
threads on each end. 

Nipple, close- A nipple so shorl that its two 
sets pf threads meet in ihc middle. 

Nitroglycerin- A powerful liquid explosive 
[hat is dangerously unstable unless combined 
wilh other materials. 

Normal Haul. A haul whose cost is included 
in ihc cost of excavation, so that no separate 
charge is made for it. 

Octane Number. Percent of iso-octane by 
Volume in a mixture of iso-octane and normal 
heptane I hat has the same anti knock character 
tn a standard variable compression Cooperative 
Fuel Research test engine as the fuel under lest. 
Octane has anti-knock characteristics. A mixture 
having 75^ octane and 25% heptane is said 10 
have an octane rating of 75, 

OS-Set Digging, In a ladder ditcher, digging 
with ihc boom not centered in the machine. 

OHM. Unit of electrical resistance to current 
flow. It is equal to a fall in potential of I volt 
when a current of I amp. flows,. 

Qit. Any fluid lubricant. 

Any liquid petroleum derivative that is less 
volatile than gasoline. j 

One on Tno I One lo two). A slope in which 
Ihc elevation rises one foot in two horizontal 

feet, a , . _ 

One Part Line. A single strand of rope or cable. 

Open-Cut. A method of excavation in which 
the working area is kept open to the sky. Used to 
distinguish from cul-and cover and underground 
work. 
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Optimum- Best. 

Ore. Rock or earth containing workable quan¬ 
tities of a mineral or minerals of commercial 

value. 

Oscillation. Independent mnvcmcnl through a 
limited range, usually on a hinge. 

Outrigger. An outward extension of a frame 
which is supported by a jack or block. Used to 
increase stability. 

Overhreak. Moving or loosening of rock as a 
result of a blast, beyond the intended line of cut. 

Overburden. Soil or rock lying on top of □ 
pay formation. 

Overhang. Projecting parts of a face or bank. 
Overhaul, In many highway coniracts, a move¬ 
ment of dirt far enough ho that payment, in addi- 
iton to excavation pay, is made for its haulage 
Overhead Shovel. A traclor loader which digs 
at one end, swings the bucket overhead, and 
dumps at the other end. 

Overlapping, Flow of water over the top of a 
dam or embankment. 

Overwinding. A rope or cable wound and 
attached sn that it stretches from the top of a 
drum lo the load. 

Pud iShoe or plate). Ground contact part of 
a crawler-type track. 
fW A carrying scraper., 

Parallel. An arrangement of electric blasting 
caps in which the firing current passes through 
all of them at the same time. 

Parallel Series. Two or more series of electric 
blasting caps arranged in parallel - 

Pari Swing Shovel. A shovel in which the 
upper works can rotate through only part of a 
circle. 

Parts of Line , Separate strands of the same 
rope or cahle used lo connect iwo sets of 
sheaves. 

faw, A working trip or passage of an exca¬ 
vating or grading machine. 

Paving Breaker, An air hammer which does 
not rotate its steel. 

Pawl. A tooth or set of teeth designed to lock 
against a ratchet. 

Pay Formation, A layer or deposit of soil or 
rock whose value is sufficient to justify excava¬ 
tion. 

Peat (Humus}- A soft light swamp soil con¬ 
sisting mostly of decayed vegetation. 

Peg Point fSteady point). A pointed bar In a 
slide clamp. Used to brace a machine during 
work. 

Pellet Powder . Black powder made up into 
hollow cartridges. 

Peeler. One of a set of blades thai pick up and 
channel water moved outward by the impeller of 
n centrifugal pump. 

Perched Water Table . Underpound water lying 
over dry soil, and sealed from it by an'im^ 
pervious layer. 


Permissible, Low-flame explosive used in gassy 
and dusty coal mines. 

Petcock. A small drain valve. 
pit. Percentage of free hydrogen ions. A meas¬ 
urement of soil acidity. pH 7 is neutral, smaller 
readings increasingly acid. 

Philadelphia Rod, A leveling rod in which the 
hundredshs of feel, or eighths of inches, are 
marked by alternate bars of color the width of 
the measurement. 

Pitt An air manifold having a number of pipes 
which distribute compressed air coming through 
a single large line. 

Pilot Valve. In a compressor, an automatic 
valve which regulates air pressure. 

Pillow Block. A metal-cased rubber block that 
allows limited motion to a support or thrust 
member. 

Pitt, track. A hinge pin connecting two sections 
or shoes of a crawler irack. 

pin, master . The only pin in an integrated 
Crawler track lhat will open the track "when 
driven out. 

Pin, taper. A straight-sided pan that is smaller 
at one end than at the other. 

Pin Thread. The male side of A.P,J r tapered 
thread. 

Pintle, A verricaf pin fastened at the bottom 
that serves as a center of relation. 

Pintle Hook. A lowing device consisting of a 
fixed lower jaw, a hinged and lockable upper 
jaw, and a socket between them io hold a tow 
ring. 

Pioneering, The first working over of rough or 
overgrown areas. 

Pioneer Road. A primitive, temporary road 
built along the route of a job T to provide means 
for moving equipment and men. 

Piston Displacement. The amount of air dis¬ 
placed by moving all pistons of an engine or 
compressor from the bottom to the top of their 
stroke. 

Piston , free running. A piston not connected 
with a rod, that does its work by hammerdike 
blows. 

Piston, slave. A small piston having a fixed 
connection with a larger one. 

Piston Speed. Total feet of travel of a piston 
in one minute. 

Pi (r) A number, approximately 3,1416 or 
3 which when multiplied by the diameter of a 
circle, will give the circumference. 

Pit. Any mine, quarry, or excavation area 
worked by ihe open-cut method to obtain ma¬ 
terial of value. 

Pit, dig-down (Sunken pit). A pit lhat is 
below the surrounding area on all sides. 

Pitman rirm. An arm having a limited move¬ 
ment around a pivot. 

Pivot. A non-rotating ixlc or hinge pin. 

Pitch r The slope of a surface or tooth rela¬ 
tive to iis direction of movement. 
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In a roller or sitent chain, I he Space between 
pins n measured center to center. 

Pitch Arms (Pitch braces) (Pitch rods). Rods, 
usually adjustable, which determine the digging 
angle of a blade or bucket. 

Pivpj Tube. A hollow hinge pin. 

Five? Shaft. A tractor dead axle, or any fixed 
shaft which acts as a hinge pin. 

Planimctcr. A device that measures an area on 
a map When run around its edges. 

Piute, pressure. A fly wheel-driven plate that 
can be $hd along a clutch shaft to squeeze a 
lined plate against the flywheel. 

Platform. A wood mat used in scis to sup¬ 
port machinery* on soft ground. Also called a 
pontoon. 

An operator^ station on a large machine, 
particularly on rollers. 

Plastic Limit. The minimum amount of water 
in terms of percent of oven-dry weight of soil 
that will make the soil plastic. 

Plastic Sail. A soil that can be rolled into Vs" 
diameter strings without crumbling. 

A soft, rubbery soil. 

Plenum, Use of compressed atr to hold soil 
from -slumping into an excavation. 

Ping. A stoppage in the discharge line of n 
dredge, or in an underground drain. 

Plug and Feathers. A set of two half-round 
pieces of hard steel and a gradual-taper wedge, 
used for splitting drilled boulders. 

Plug, magnetic, A drain or inspect ion plug 
magnetized for the purpose of attracting and 
holding iron or steel particles in lubricant. 

Plumb Bah. A pointed weight hung from a 
siring. Used for vertical alignment. 

Plumbers 1 Dope- A soft sealing compound for 
pipe threads, 

Ply. One of several layers of fabric or of 
other strength-coo Iribuling material. 

Pneumatic* Powered Or inflated by compressed 
air. 

Point, weft r A pipe having a fine mesh screen 
and a drive poinl at ihc bottom. Used for pump¬ 
ing out ground water. 

Pond. A small lake. 

In dredge work, on area where discharge water 
is held tong enough to allow fine soil particles to 
settle. 

Pontoon. A float supporting part of a structure, 
such as a bridge. 

A wood platform used to support machinery 
on soft ground, 

Poppet Valve . A valve shaped like a mush¬ 
room, resting on a circular seal, and opened by 
raising the stem. Standard automotive equip¬ 
ment. 

Port. Left side of a ship or boat. 

Portal. A nearly level opening into a tunnel. 

Pot j Hale. A small sleep-sided hole, usually 
with underground drainage. 

Poured Fining. A connecting device which Is 


fastened to the end of a cable (wire rope) by 
inserting the cable end in a funnel shaped socket, 
separating the wires and filling she socket wtLh 
molten zinc. 

Fower Arm. The part of a lever between the 
fulcrum and ihe point where force is applied to 
the lever. 

Power Control Unit , One Or more winches 
mounted on a Lraclof and used la manipulate 
pans of bulldozers, scrapers, or other machines, 

Power-Divider. A non-spin differential. 

Power Takeoff. A place in a transmission or 
engine to which a shaft can be to attached os 10 
drive an outside mechanism. 

Power Train. All moving parli connecting an 
engine with the point or point where work is 
accomplished- 

Powdcr, Black powder or gunpowder. 

General term for explosives including dyna¬ 
mite, but excluding caps. 

Powder, black . A mixture consisting mostly of 
carbon, sodium or potassium nitrate, and sul¬ 
phur, used as an explosive. 

Preform- In wire rope r to shape the wires so 
that they will lie in place. 

Protective. An arrangement by which a gear 
lever can be moved, but the resulting speed shirt 
will not take place until the clutch or ihe throllk 
is manipulated. 

Pressure Piute. In a dutch, a plate driven by 
Ihc flywheel or rotating housing, which can be 
slid toward the flywheel to engage the lined disc 
or di&cs between I hem. 

Primacord. Trade marked name for a deto¬ 
nating fuse. 

Prime. To provide means to start a process, ns 
lo supply sufficient water to a pump to enable it 
to start pumping. In blasting, lo place a detonator 
io a cartridge or charge of explosive. 

Primer. Usually the combination of a dynamite 
cartridge and a detonating cap. 

Prime Mover. A tractor or other vehicle used 
lo pud other machines. 

primary Excavation, Digging in undisturbed 
soil, as distinguished from rehandling stockpiles. 

profile. A charted line indicating grades and 
distances, and usually depth of cut and height of 
fill for excavation and grading work. It is com¬ 
monly taken along the centerline. 

protected Pipe , A pipe laid on the surface 
before building a fill that buries it. 

Propagation. Spread of an explosion through 
separated charges by concussion waves in water 
or mud. 

Propel Shaft. In a revolving shovel, a shaft 
which transmits engine power to the walking 
mechanism. 

Propeller Shaft . Usually a main drive shaft 
fitted with universal joints. 

Prospecting, seismic. Underground exploration 
conducted by measuring vibrations caused by 
explosions set off in drill holes. 
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Protractor. A device for measuring angles on 
drawings. 

P-SV, (psi). Pressure in pounds per squire 
irtch- 

P.T. Pipe ibread. 

Puddle, To cornpacl loose soil by soaking it 
and allowing it Ip dry. 

Puff Blowing. Blowing chips oul of a hole by 
means of exhaust air from the drill 

Pull. To loosen the rock around ihe bottom of 
a bole by blasting. Usually used wish a negative 
to describe a blast which did not shatter rock lo 
I he desired depth. 

Putley. A wheel lhai carries a cable or belt on 
pari of its surface 

Putt Shawl (Dragshovd or hoc}. A shovel 
with a hinge-and-stick mourned bucket that digs 
while being pulled inward. 

Pump, centrifugal. A pump that moves water 
by centrifugal force developed by rapid rotation 
of an impeller* 

Pump, diaphragm. A pump lhat moves water 
by reciprocating motion of a diaphragm in a 
chamber having inlet and outlet check valves. 

Pump, jetting. A water pump ihut develops 
very high discharge pressure. 

Pump, mud (Slush pump). The circulating 
pump chat supplies fluid to a rotary drill. 

Pump, m fell point. A centrifugal pump that can 
handle considerable quantities of air, and is used 
for removing underground water to dry up an 
excavation. 

Pumping. Mechanical transfer of fluids. 

Alternately raising and lowering a digging 
edge to increase the volume of dirt being era re¬ 
ported. 

Pulpw&od. Wood to be used in making paper. 

Pusher. A tractor that pushes a scraper lo help 
it pick up a load. 

Quadrant. A quarter of lhe circumference of a 
circle, 

A curved guide for a lever, 

A curved scale for measuring angles. 

Quarry, A rock pit. 

An open cut mine in rock chosen for physical 
rather than chemical characteristics. 

Quarter Octagonal A square shaft with corners 
cut back. 

Quicksand, Fine sand or silt that is prevented 
from settling firmly together by upward move¬ 
ment of ground water. 

Any wet inorganic soil so unsubstantial that 
it will not support any load. 

Quill Shaft. A light drive shaft inside a heavier 
one, and turning independently of It. 

Rut Hole, fn a rotary drill xubsiructure, a 
socket that supports the kelly and swivel when 
they are not in use. 

Races. The inner and outer rings of a bat! or 
roller bearing. 


Radial. Lines converging at a single center. 

Radius. Horizontal distance from the center of 
rotation of a crane to its hoisting hook. 

Rake Blade. A dozer blade or attachment 
made of spaced tines. 

Rake, brush. A rake blade having a high top 
and light construct Eon. 

Rake, rock. A heavy duty rake blade. 

Rail. A piece of railroad type track. 

The chain or inner surface of a crawler track. 

Raise. A shaft being dug upward from a 
tunnel. 

Ram. A hydraulic cylinder. 

The moving weight" in a pile driving hammer. 

Ram, one way or single acting. A hydraulic 
cylinder in which fluid is supplied to one end so 
that the piston can be moved only one way by 
power, 

two way or double acting. A hydraulic 
cylinder in which fluid cart be supplied to either 
end. so the piston can be moved by power in two 
directions. 

Ramp. An incline connecting two levels. 

Range Pole . A pole marked in alternate red 
and white bands one Foot high. 

Ratchet. A set of teeth which arc vertical on 
one side and sloped on the other, which will hold 
a pawl moving in one direction, but allow it to 
move in another. 

Ratio of Reduction, The relationship between 
the maximum size of the stone which will enter 
a crusher, and the size of its product. 

/Zcawr. A cutting device that enlarges or 
straightens a hole. 

Reamer Shell. A cutter just above a diamond 
bit, used to assure a full-size hole. 

Rearing. Rising of the front of a tractor when 
puiling a heavy load. 

Receiver* The air lank or reservoir on a com¬ 
pressor. 

Reciprocating, Having a straight back-und- 
forth or up-and-down motion. 

Reduction, double. Two sets of gears in series 
that hoth reduce speed and increase power. 

Reduction T single. A gear set that causes one 
shaft to turn another at reduced speed. 

Reclaiming, Digging from stockpiles. 

Reprocessing previously rejected material. 

Reel A revolving rack used for storage of 
hose and cable. 

In a churn drill, the winches arc usually 
calied reds. 

Reel, bull (Spudding reel). The churn drill 
winch that lifts and lowers the drill string. 

Reel calf (Casing reel) . The churn drill winch 
used for handling easing and for odd jobs. 

Reel dead. A storage reel 

Wee/, Hire. A red that supplies air, water, or 
electricity to the inner end of the hose or wire 
wound on it. 

Reel sand. In a churn drill, the high speed 
winch that lifts the bailing cylinder. 
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Reeving. Threading or placement of a working 
JiQC- 

Relay. A valve or switch that amplifies or re¬ 
stores original strength to an air* hydraulic* or 
electrical impulse. 

Relief Holes. Moles drilled closely aCoag a 
line, which are not loaded, and which serve to 
weaken the rock so that it will break along that 
line. 

Relief Valve. A valve which will allow air or 
fluid to escape if its pressure becomes higher than 
(he valve setting. 

Retaining Watt. A wall separating two ground 
Icvds. 

Retract. The mechanism by which a dipper 
shovel bucket Is pulled back out of ihe digging. 

Reverse Bend. To bend a line over a drum or 
a sheave, and then in ihe opposite direction 
over another sheave. 

Reversing Clinch- A forward-and-reverse trans¬ 
mission which is shifted by a pair of friction 
dutches. 

Revetment. A wali sloped back sharply From 
its base. 

A masonry or steel facing for a bank. 

Revolving Shovel, A digging machine in which 
the upper works can revolve independently of the 
supporting unii. 

Rheostat. A device that regulates Row of elec¬ 
tricity by varying the amount of resistance in the 
circuit. 

Rib, A ridge projecting above grade in the 
floor of a blasted area. 

Ridge Terrace. A ridge built along a contour 
line of a slope to pond rainwater above it- 

Rifling. Forming a spiral thread on the wall of 
a drill hole* which makes it difficult sc pull out 
the bit. 

Rifle Bar. A cylinder with curved splines. 

Rifle j Vufr A splined nut that slides back and 
forth on a rifle bar. 

Rig- A general term* denoting any machine. 
More specifically, the front or attachment of a 
revolving shovel. 

Riprap. Heavy stones placed at water's edge to 
protect soil from waves or current. 

Riparian Rights. Rights of a land owner to 
water on or bordering his properly, including 
right to prevent diversion or misuse of upstream 
water. 

Ripper. A towed machine equipped with teeth, 
used primarily for loosening hard soil and soft 
rock. 

Road Metal. Crushed stone used in road sur¬ 
faces. 

Hard pavement. 

Roadster , Low priced model of a scraper or a 
truck, 

Rob* To remove part of an installation for Use 
elsewhere. 

To take out supporting pillars or walls of pay 
rock in a mine. 


Rack. The hard, firm* and stable parts of 
earth's crust. 

Any material which requires blasting before 
it can be dug by available equipment. 

Rocker Arm. A Sever resting on a curved base 
so that the position of Lis fulcrum moves as its 
angle changes. 

A bell crank with the fulcrum at the bottom. 
Rocking, Pushing a resistant object repeatedly, 
and backing or rolling back between pushes to 
allow' it to reach or cross its original posit ion. 
Rod Stock , Round steel rod. 

Roll. The wheel of a roller. 

Roil, compression. The drive wheel of a roller. 
Roll, guide. The front or steering wheel of a 
roller. 

Rafter, hook. In a revolving shovel, a roller 
attached by a bracket to the revolving section, 
and contacting the lower face of a circular track 
on the travel unit. 

Roller , support. In a crawler machine, a roller 
that supports the slack upper part of the 
track. 

Rotter ; jwifig. In a revolving shovel, one of 
several tapered wheels that roll on a circular 
turntable and support the upper works. 

Roller, track. In a crawler machine, the small 
wheels that rest on the track and carry most of 
the weight of the machine. 

Roller, truck. A track roller. 

Root Buttress. A root that is above ground 
where it joins the trunk. 

Root Hookr A very heavy hook designed to 
catch and tear out big tools when it fa dragged 
along Ihe ground. 

Rooter. A heavy duty ripper* 

Rotary Table . The pari of a rotary drill which 
turns the kelly and drill siring. 

Rotation Firing, Crushing a small piece of 
rock with a first explosion, and timing other holes 
to throw their burdens toward the space made by 
that and other preceding explosions. Or row 
shooting. 

Rvinry (Rotary table). In a rotary drilh the 
unit that turns the kelly and drill string. 

Rotary Tiller . A machine that loosens and 
mixes soil and vegetation by means of a high 
speed rotor equipped with tines. 

Rotor. Any unit that does its work in a 
machine by spinning, and docs not drive other 
parts mechanically. 

Round. A blast including a succession of de¬ 
lay shots, 

Row Shooting, In a large blast, setting off the 
row of holes nearest the face first, and other 
rows behind it in succession. 

R.P.M, or rpm , Revolutions per minute. 
Rubble Drains. French drains. 

Rule of Thumb. A statement or formula that 
is not exactly correct, but is accurate enough for 
use in rough figuring. 
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Run Levels. To survey an area or strip lo 
del ermine elevations. 

Running^ Operating, particularly a drill. 

Saddle Block. In a dipper shove], the boom 
swivel block through which ihc slick slides when 
crowded or retracted. 

Sand. A loose soil composed of panicles bo 
iwcen He mm and 2 mm in diameter 

Irak chips and other waste produced by drill¬ 
ing action. 

Stmdhog, A man who works in compressed air. 
Safety Clutch. A clutch that slip* instead of 
transmitting loads beyond [he capacity of the 
machine. 

Softly Factor. The ratio between breakage 
resistance and load. 

Seeling. Prying loose pieces of rock off a face 
or roof to avoid danger of their falling unex¬ 
pectedly. 

Scalping Screen. Usually a vibrating grizzly. 
Scarifier. An accessory on a grader; roller, or 
other machine, used chiefly for shallow loosen¬ 
ing of road surfaces. 

Scavenge. To clean out thoroughly. 

To pick up surplus fluid and" return it to a 
Circulating system. 

Schematic. Showing principles of construction 
or operation, without accurate mechanical repre¬ 
sentation. 

Scoria. Cinder! ike lava filled with bubbles. 
Brick-like material formed by volcanic heating 
of clay beds. 

Scour, Erosion in a stream bed* particularly if 
caused or increased by channel changes. 

Scraper (Carrying scraper) (Pan). A digging, 
hauling, and grading machine having a cutting 
edge, a carrying bowl, a movable front wait 
(apron) and a dumping or ejecting mechanism. 

Scraper, bottom dump, A carrying scraper shat 
dumps or ejects its load over the cutting edge. 

Scraper, drag. A digging bucket operated on 
a cable between a mast and an anchor, that is 
not lifted off the ground during a normal cycle. 

A two Wheel tractor-lowed scraper equipped 
with a bottomless bucket. 

Scraper, rear dump. A two wheel scraper that 
dumps at the rear. 

Scraper, rr If powered. A scraper built into a 
single unit with a tractor. 

Scraper, two axfe. A full trailer type carrying 
scraper. 

Screen, A mesh or bar surface used for sepa¬ 
rating pieces or particles of different size?. 

A filler. 

Screen, deck. Two or more screens placed one 
above the other for successive processing of the 
Hint run of material f 

Screen, scalping. A coarse primary screen or 
grizzly. 

Screen, shaking. A screen that is moved with 


a back-and-forth or rotary molion to move ma¬ 
terial along it and through it. 

Screen r vibrating. A screen that is vibrated to 
move material along it and through it. 

Seam. A layer of rock, coal, or ore. 

Section. An area equal to 640 acres or I square 
mile. ^ 

A part of a work area or strip. 

Seepage. Movement of water through soil with¬ 
out formation of definite channels. 

Seize. To bind wire rope with Soft wire, to 
prevent it from ravelling when cut. 

Selective Digging. Separating two or more 
types of soil while digging them. 

Semi-Grouser, A crawler track shoe with one 
or more tow* cleats, 

Seml-Trailed A towed vehicle whose from rests 
on the towing unit. 

Serrated. (Art edge) cut into a line of teeth. 
Series. An arrangement of electric blasting 
caps in which all the firing current passes through 
each of them in a single circuit. 

Set. The: distance a pile penetrates with one 
blow from the driving hammer. 

Set, timbering. A tunnel support consisting oF 
a roof beam or arch, and two posts. 

Sewer Tife. Glazed waterproof clay pipe with 
bell joints. 

Shackle. A connecting device for lines and 
draw bars which consists of a U shaped section 
pierced for a cross bolt or a pin. 

Shaft, A round bar Shat rotates or provides an 
axis of revolution. 

A verticaE or steeply inclined tunnel. 

Shaft, cam (Camshaft), A shaft carrying cams 
whiLh open and dose valves. 

shaft, counter (Countershaft), A shaft that al¬ 
lows one end of a (mam) shaft to drive the 
Other through reduction, gears. 

Shaft, crank (Crankshaft). The main shaft of 
a piston-type engine, that converts reciprocating 
motion into rotation. 

Shaft, idler . A shaft that carries a gear that 
reverses direction of rotation in a transmission. 

Shaft, input. The shaft that delivers engine 
power to a transmission or clutch. 

Shaft, fork (Jackshaft), A short driveshaff» 
usually connecting a clutch and a transmission, 
Shaft, fay, A fixed shaft supporting rotating 
drums or gears. 

Shaft, main (Mainshafi). The transmission 
shaft forming a continuation of the input shaft. 

Shaft, output. A shaft that transmits power 
from a transmission or clutch. 

Shaft, reversing, A shaft whose direction of 
rotation cart be reversed bv use of clutches or 
brakes. 

Shaking Screen. A suspended screen which is 
moved with a hack-and-forth or rotary motion 
with a throw of several inches or more. 

Shale. A rock formed of consolidated mud. 
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South' Pit, A dumping plate for coarse material 
screened out of rotary drill mud. 

Shiftf Shaker* A screen in the mud circulating 
system of a rotary drUL 

Shank (Standard), The connecting bur be¬ 
tween a ripper or scarifier tooth and the frame. 

The part of dril] steel that fils into the drill* 

Sheave (pronounced '"shiv™). A grooved wheel 
used ua support cable or change its direction of 
travel, 

Shrtfve, traveling, A sheave block Shat slides tn 
a track. 

Sheave, padlock. The bucket sheave on a dip¬ 
per or hoc shovel. 

A sheave set connecting inner and outer boom 
lines. 

Sheave Block* A pulley, and a case provided 
with means so anchor iL 

SheepsfooL A tamping roller with feet ex¬ 
panded at their outer tips. 

Shtei Erosion. Lowering of land by nearly 
uniform removal of panics from its entire sur¬ 
face by flowing WBtCT* 

Sheeting Jacks. Push-type turnbucklcs, used to 
set ditch bracing. 

Sheet Piling. Sled strips shaped so interlock 
with each other when driven into the ground. 

Sheeting, tongue and groove board. 

Planks used in shoring and bracing. 

Sheeting Driver. An air hammer attachment 
thus fits on plank ends so that they can be driven 
without splintering. 

Shift, A work period. 

Shift . graveyard. Work, “day" from midnight lo 
8:00 a.m. 

Shift> Jh’mjif. Work "’day" from 4:00 f M. to 
midnight 

Occasionally refers to the midnight So 8:00 
AM. shift. 

Shipper Shaft . In a dipper shovel F the hinge on 
which the stick pivots when the bucket is hoisted. 

Shoe. A ground plate forming a link of a track, 
or bolted so a track link. 

A support for a bulldozer blade or other dig¬ 
ging edge to prevent cutting down. 

A cleanup device following the buckets of a 
ditching machine. 

Shot, tile. A box [owed behind a ditching ma¬ 
chine, in which tile can be laid on the ditch bot¬ 
tom . 

Shot Rock. Blasted rock. 

Shoot. Blast, 

Shoring, Temporary bracing to hold the sides 
of an excavation from Caving. 

Shovel A digging and loading machine or tool. 

Shovel. dipper (Shovel ) (Dipper stick). A re¬ 
volving shovel that has a push type bucket rigidly 
fastened to a stick that slides on a pivot in the 
boom. 

Shtrvef Dozer (Dozer shovel). A tractor 
equipped with a front-mounted bucket that can 
be used for pushing, digging, and truck loading. 


Shovel, hoe [Dragshouel, pullshovel, ditching 
shovd, back hoc }+ A revolving shovel h aving a 
pull-type bucket rigidly attached to a slick hinged 
on she end of a live boom. 

Shovel, hydraulic, A revolving shovel in which 
drums and cables are replaced by hydraulic rams 
and/or motors. 

Shovel, part iwtng. A revolving shovel that 
cannot swing through a full rirclC- 

Shovei, revolving. A digging machine that has 
the machinery deck and attachment on a vertical 
pivot, so that it can swing independently of its 
base. 

Shoulder. The graded part of a road on each 
side of the pavement- 

The side of a horizontal pipe, at the level of 
the center line. 

Shrinkage, Loss of hulk of soil when com¬ 
pacted in a fill- Usually is computed on the basis 
of bank measure. 

Shunt. A connection between the two wires of 
a blasting cap which prevents building up of op* 
posed electric potential in them. 

Shuttle. A back and forth mol ion of a machine 
which continues to face in one direction. 

Sidecusfing, Piling spoil alongside the excava¬ 
tion from which it is taken. 

Side MIL A slope that crosses tbc- llne of work. 

Sidthill Cut. A long excavation in a slope that 
has a bank on one side, and is near original grade 
on the other. 

Sidewalls, Walls, usually masonry, at each end 
of a culvert. 

Silicosis, A lung disease caused chiefly by in¬ 
haling rock dust from air drills. 

Sitr. A soil composed of particles between 
1/256 mm and 1/16 mm in diameter. 

A heavy soil intermediate between clay and 
sand. 

Sifting. Filling with soil or mud deposited by 
water- 

Slti Trap . A settling hole or basin that prevents 
water-borne soil from entering, a pond or drain¬ 
age system. 

Siphon, A tube or pipe through which water 
flows over a high point by gravity. 

Six by Six 16 X 6}. A truck having drive to 
the front wheels and to tandem rear wheels. 

Six Wheeler (Ten wheeler). A truck with two 
sets of rear axles. 

Skewed. On a horizontal angle, or in an 
oblique course or direction. 

Skip . A non-digging bucket or tray that hoists 
material. 

Skirt (Skirl board). A vertical strip placed at 
the side Of a conveyor belt to prevent spillage or 
to increase capacity. 

Skiving. To dig in shin layers. 

SkiiHcratker, A slccl ball swung from a crane 
boom. Used for demolishing buildings and for 
breaking boulders. 

Slab. The deck or floor of a concrete bridge. 
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Any hnriaonlat section of masonry. 

Adjuster. In air brake*. the conned con 
between the brake chamber and'the brake earn. 

Shekiine {Slackline cableway}, A cable c*ca- 
valor having a irack cable which is loosened io 
lower the bucket, and tightened to raise it. 

Stag. Refute from steel-making. 

Slave Unit, A machine which is controlled by 
or through another unit of I he same type. 

Steeper. In corduroy roads, a cross fog or tim- 
ber supporting the stringers {longiiudinai sup- 
pomh 

Stick Mote. A hole column loaded with explo¬ 
sive, without springing. 

Stick Sheets, Thin steel plate spread on a tun¬ 
nel floor before a blasl, lo make band mucking 
easier* 

Slide. A small landslide. 

Slide Coupfing. A slip joint. 

Sling, A lifting hold consisting of two or more 
strands of chain or cable. 

Sting Block. A frame in which two sheaves are 
mounted so as to receive lines from opposite 
directions. 

Sfat Bucket. A digging bucket of basket con¬ 
struction, used in handling sticky, chunky mud. 
Slip Joint r A splined connection loose enough 
to allow its iwo parts io slide on each other to 
change shaft length. 

J/nv Powder. Black powder* often called gun¬ 
powder. Also, some of the slow acting dyna¬ 
mites. 

Sludge Sam pin. Samples of mud from a rotary 
drill, or sand from a churn drill, used to obtain 
information about the formation being drilled. 
Stagger. A tooth on a roll-type rock cruiher. 
Stake, A steep, narrow waterway. 

Starry, Ccmefti grout. 

Slash Pantp, The mud pump for a rotary drill. 
Slasher. A mobile drag scraper with a metal 
slide to elevate the bucket to dump point. 

Smart A trek. A limit switch that cots off 
power if a machine part » moved beyond its safe 
range. 

Smoother Bar, A drag that breaks up lumps 
behind a leveling machine. 

Snag Boat. A boat equipped with a hoist and 
grapple for clearing obstacles from the path of a 
dredge. 

SrTL'kt' Hole. A hole driven into a toe for blast¬ 
ing, with or without vertical holes, 

Snakehoting. Drilling under a rock or face in 
order to blast it. 

Snaking. Towing a load with a long cable. 
Inserting a tow or hom line under an object 
without moving the object. 

Snatch Block. A pulley In a case which can be 
easily fastened to lines or objects by means of a 
hook, ring, or shackle. 

Soil. The loose surface materia! of the earth 1 ! 
trusl. 


Soih heavy. A fine grained soil, made up 
largely of clay or silt. 

Solid totaling. Filling a drill hole with all the 
explosive which can be crammed into it k except 
for stemming space at top, 

Space, In a screen, the actual dimension of I he 
clear opening between adjacent parallel wires or 
bars. 

Spaced Loading, Loading so that cartridges or 
groups of cartridges arc separated by open 
spacers which do not prevent the concussion from 
one charge from reaching I he next. 

Spacing. The distance between drill holes along 
a line parallel to the face. 

SpatI. To break off from a surface in sheets or 
pieces. 

Specific Gravity (Solids or If quids 1, The ratio 
of the mass of a body iq an equal volume of 
water. 

Spider Gear (Carrier pinion ) r A differential 
gear which rotaies on its shaft in a Totaling case. 

Spde lF'orcpole} r A plank driven ahead of a 
tunnel face for roof support. 

Spillway. An overflow channel for a pond or a 
terrace channel. 

Spinning Line. A chain or rope used as a 
wrench in atiaching and detaching drill pipe sec¬ 
tions. 

Spin-ding, Rifling, 

A drill hole twisting into a spiral around its 
intended center line. 

Spiral Cleaner. A device for removing dirt 
from a conveyor belt. 

Spirit Level. A glass lube containing fluid and 
an air bubble, 

Spline. A set of parallel grooves running 
lengthwise of a shaft. 

Spin Sprocket, A two piece sprocket that can 
hi: asse mbled on a shaft ■without removing I he 
shaft bearings. 

SpotL Dirt or rock which has been removed 
from its original local ion, 

Spooi. The movable part of a slide-type hy¬ 
draulic valve. 

To wind in a w inch cable. 

Spot fTmcksL To direct io (he exact loading 
Or dumping place. 

Spar Log, A log or marker placed to show a 
truck driver the spot where he should stop to be 
loaded. 

Spotter, In truck use, the man who directs the 
driver into loading or dumping position. 

In a pile driver. I he horizontal connection be¬ 
tween the machinery deck and the lead (pile 
guide). 

Spring, helper , On a truck rear axle, an upper 
spring that carries no weight until the regular 
spring changes shape under load. 

Springing. Enlarging the hollom of a drill hole 
by exploding a small charge in if. 

Spring Line . The meeting of the roof arch and 
the sides of a tunnel. 
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Spring Loaded. Held in contact or engagement 
by springs. 

Sprocket, A gear that meshes with a chain or 
a crawler track. 

Spuds, On a dredge, steel tubes pointed al the 
bottom and provided wish I [fling lacklc as ihe lop 
which are used to hold and SO move ihe dredge. 

Spud iVeit. On a dredge, a pair of guide collars 
for a spud. 

Spudding Drill (Churn drill). A drill ihat 
makes hole by lifting and dropping a chisel bil. 

Spar. A rock ridge projecting from a side wall 
after inadequate blasting. 

Spur Valley- A short branch valley. 

Squib. A detonator consisting of a firing device, 
and a chemical that will burn with a flash which 
will ignite black powder- 

Sttih. In adding so a drill siring, the action of 
lining up and catching the threads of ihe loo6e 
piece. 

Stabilize, To make soil firm and lo prevent is 
from moving. 

Stadia. Measurement of distance by proportion 
to Ihe space on a vertical rod seen between up¬ 
per and lower instrument cross hairs. Usual pro¬ 
portion is one vertical so 100 horizontal. 

Stake, side. On a mad job. a stake on the line 
of the outer edge of the proposed pavement. 

Any slake nol on ihe center tine. 

Slake, zhpe. A slake marking the line where 
a cut or fill meets she original grade. 

Stacker. A large mobile elevating belt. 

Starboard, Right .side of a boat. 

Starter. In drilling, a short steel used to start 
a drill hole. 

Static Balance. A condition of rest created by 
inertia (dead weight) sufficient to oppose outside 
forces. 

Static Load. A toad that is at rest and everts 
downward pressure only. 

^raiion. Any one of a series of slakes or points 
indicating distance from a point of beginning or 
reference. 

Station, minus. Slakes or points on the far side 
of the mo point from which a job was originally 
laid out. 

Stator (Reactor). In a torque converter, a set 
of fixed vanes that change ihe direction of flow of 
fluid entering the pump or the nexl stage turbine. 

Steady Point (Peg point). A pointed steel bar 
which can be locked in a clamp, and is used to 
brace a drill frame against ihe ground, 

Steel In air hammers, the hollow or solid steel 
bar which connects the hammer wiih the cutting 
Cool. 

Steel, alloy. Steel compounded w r ilh other met¬ 
als io increase strength, wearing or rust resist¬ 
ance. or to obtain other desired qualities. 

Sleet Centralizer. On a wagon drill, a guide io 
hold the starting steel in proper alignment. 

Steel Changes. The difference in length be¬ 
tween successive steels used in drilling one hole. 


Steel Puller. A hinged clamp on the bottom of 
a hand drill. 

Steering Brake. A brake which slows or stops 
one side of a tractor. 

Steering Clutch. A dutch which can disconnect 
power from one side of a tractor. 

Stemming. Dirt or other inert material placed 
in parti of a drill hole instead of explosives. 

Slick or Handle. In a dipper shovel or pull 
shovel, j rigid bar hinged to the boom and fas¬ 
tened to ihe bucket. 

Stockpile. Material dug and piled for future 
use. 

Stone- Rock. 

Stone Boat, A flat steel sled with an up^urved 
front, 

Stope, An underground excavation that is made 
in a series of siep* or benches. 

Street EH , A pipe elbow wflh male threads on 
one end, female on ihe cnhcr- 
Strength. In an explosive, the energy content 
in relation to its weight. 

Slrem The force per unit area. When the 
force is one of compression it is known as 
“■pressure.** St is an iniernal force which resists 
an external force- 

String (of tools). In a chum drill* the tools 
suspended cm the drilling cable. 

String Loading. Filling a drill hole with car¬ 
tridges smaller in diameter lhan the hole, without 
stilting or tamping them. 

Stringer. A beam running lengthwise of a 
bridge or wood road. 

String Level, A spirit level equipped with 
prongs so that it can be hung from a string. 

Strip, Remove overburden or thin layers of 
pay material. 

Stripping. Removal of a surface layer or de¬ 
posit, usually for ihe purpose of excavating 
other material under it. 

Stripping Shovel, A shovel with a specially 
long boom and stick that enable rt to reach 
farther and pile higher. 

Stoper. A hand-size air drill mounted on a 
column or other supporl- 
Strui. An inside brace. 

Stud. A bolt having one end firmly anchorcd- 
Stuffmt So *- A space around a shaft filled 
with soft packing to prevent fluids or gases from 
leaking along it. 

stumper. A narrow heavy dozer attachment 
used in pushing out stumps. 

Sufc (Joint protector), A threaded thread pro¬ 
tector used with drill pipc- 

suhgrade. The surface produced by grading 
native earth, or cheap imported materials, which 
serves as a have for a more expensive paving. 

Subsoil Plow (Pan breaker), A one-tooth 
ripper designed for agricultural work- 

Sub Saver. A protector for ihe Thread pro¬ 
tector on the kelly of a rotary drill- 
Suek. The shape of ihe bottom of a cutting 
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edge or tooth Which [ends 10 pull it into ihe 
ground as it is moved 

Suciton. Atmospheric pressure pushing apyinst 
a partial vacuum. 

The “pull" of a pump. 

Adhesion of a mass of mud to the underside 
of an object being lifted m\ of it. 

Sump, A low spot lo which water is drained, 
and from which It is removed by a pump. 

Sun Gear, The central gear in a planetary set. 
tfun Gears. A planetary gear set consisting of 
a central gear, an interna!-[oath ring gcar/and 
two or more planet gears meshed with both of 
them. 

Supercharger, A blower that increases ibe in¬ 
take pressure of an engine. 

Surge Bin. A compartment for temporary stor¬ 
age. which will allow converting a variable rate 
o! supply Into a steady flow of the same average 
amount. 

Surveying. To find and record elevations, Ilv 
cations, and direct tons, by means of instruments. 

Sweat. To unite two closely fitting pieces by 
enlarging the cider one by heal. 

Swell (Growth), Increase of bulk in soil or 
rock when it is dug or blasted, 

Swing. In revolving shovels, to rotaic the 
shovel on ^ base. 

Jn churn drills, to operate a string of tools. 
Swing Angle. The distance in degrees which a 
shovel must swing between digging arid dumping 
points. 

Switchback. A hairpin curve. 

Swivel Head. In a diamond drill* the mechan¬ 
ism that rotates the kelly and drill string. 

Synchromesh. A silent-shift transmission con¬ 
struction, in which hub speeds arc synchronized 
before engagement by contact of leather cones. 

Tagline. A line from a crane boom to a dam- 
shell bucket that holds the bucket from spinning 
out of position. 

Tail. The rear of a shovel deck. 

The anchor end of a cable etCAVator 
Tail Anchor , The anchor for a track cable, or 
the turn point for a backhaul line in a cable 
excavator. 

Tailblock. The boom foot and idler sprocket 
assembly on a ladder ditcher. 

Tailboard. Tailgate, 

Tailgate. The hinged rear wall of a dump truck 

body. 

The hinged or sliding rear wall of a scraper 
bowl 

Tailings- Second grade or waste material sep¬ 
arated from pay material during screening or 
processing. 

Tail Swing. The clearance required by the rear 
of a revolving shove], 

Talus. Loose rock or gravel formed by disinte¬ 
gration of a steep rock slope. 

Tamp. Pound or press soil to compact ir. 


Tamper. A tool for compacting soil in spots 
not accessible to rollers. 

Tamping Roller . One or more steel drums, 
fitted with projecting feet, and towed by means 
of a box frame. 

Tandem. A double-axle drive unit for a truck 
or grader, f A bogie). 

A pair in which one part follows the other. 
Tandem Drive, A three-ask vehicle having 
two driving axlea. 

Tangent, A tine that touches a circle and is 
perpendicular to its radius at the point of con¬ 
tact. r 

Taproot, A big root that grows downward 
from the base of a tree. 

Target Rod , A leveling rod. 

Tee. A pipe fitting that has two threaded open¬ 
ings in line, and a third at right angles to Lhem. 
Telescope. To slide one piece inside another. 
Terrace. A ridge, a ridge and hollow h or a 
flat bench built along a ground contour. 

Terrain, Ground surface. 

Ten Wheeler (Six wheeler). A truck with tan¬ 
dem rear axles. 

Ihree Part Line , A single strand Of rope or 
cable doubled back around two sheaves so that 
three parts of it pull a load together, 

Thrtble. Three sections of drill pipe handled 
as a unit. 

Thorough Cut. Through cut. 

Through Cut. An excavation between parallel 
banks that begins and ends at original grade. 

Throw, The longest straight distance moved 
in the stroke or circle of a reciprocating or ro¬ 
tary part. 

Scattering of blast fragments. 
rhrowout Bearing. A bearing, sliding on a 
clutch jackshaft that carries the engage-and- 
disengage mechanism. 

Thrust Arm. A cable-controlled bar that eao 
slide by power in two directions. 

Thrust W'ajJitr. a washer that holds a rota¬ 
ting part from sideward movement in its bear- 
mgs. 

Ttghr, Soil or rock formations lacking veins 
of weakness. 

Blasts or blast holts around which rock cannot 
break away freely. 

Tile, Pipe made of baked day. 

Tile, land. Short pieces of porous pipe with 
bull I open) joints, used for underground drain¬ 
age 

Tile, sewer. Glazed day pipe with bell joints. 
Tfle Shoe (Tile box). A device ihaf permits 
laying tile directly behind a ditcher. 

Tilth, Soil condition in relation to lump or 
panicle size. 

Timber. Wood beams larger than 4 x 6. 

Trees, 

Timbering. Wood bracing in a luimel or exca¬ 
vation. 
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Toe. The projection of the bottom of a face 
beyond the top, 

Tongs. A pair of curved arms pivoted to each 
other, sensor fashion, so that a pull on a ring 
or chain connecting ihc short ends will cause 
the tong ends to close to grip an object between 
them, 

Tong ae. Drawbar of a towed vehicle. 

Tooth Base, The inner part of a two piece 
tooth on a digging bucket- 

OecasionaHy, the socket in which a tooth fits. 

Topographic Mop. A map indicating snrface 
elevation and slope. 

Topsoil. The topmost layer of soil- Usually 
refers to soil containing humus which is capable 
of supporting a good plant growth. 

Topping , Fine material forming a Surface layer 
or dressing for a road or grade. 

Torque. The twisting force exerted by or on a 
shaft, without reference to the speed of the shafl- 

Torquc Convener. A hydraulic coupling 
which utilizes slippage to multiply torque. 

Torque Rod. A bar having the function of 
resisting or absorbing twisting si rains. 

Track . A crawler track - 

A railroad-type track. 

Track, crawler. One of a pair of roller chains 
used to support and propel a machine, it has an 
upper surface which provides a track to carry the 
wheels of (he machine, and a lower surface pro¬ 
viding continuous ground contact. 

Tilling Dozer. A bulldozer whose blade can be 
pivoted on a horizontal center pin to cut low 
on either side. 

Track Frame (Truck frame), In a crawler 
mounting, a side frame to which the track roller 
and idler are attached. 

Track Roller, In a crawler machine, the small 
wheels which are under ihc track frame and 
which rest on the track. 

Traction, The total amount of driving push 
of a vehicle on a given surface. 

Tractive Efficiency. A measure of I he propor¬ 
tion of the weight resting on tracks or drive 
wheels which can be converted inio vehicle 
movcmcnl. 

Tractor, A molor vehicle on tracks or wheel* 
used for towing or operating vehicles or equip¬ 
ment. 

Tractor Loader (Tractor shovel or shovel 
dozer). A tractor equipped with a bucket which 
can be used to dig, and 10 elevate to dump at 
truck height. 

Trailer | Full trader). A towed carrier which 
rests on its own wheels both front and rear. 

Trailer , semi (Semitrailer). A towed carrier 
[hat rests on the tractor in front, and on its own 
wheels in the rcar. 

Tramp iron. Scrap metal entering a crusher. 

Transfer Case. In an all-wheel drive vehicle, 
a transmission Or gear set that provides drive to 
the front shaft- 


Transftr Point. Turning point. 

Transit, A surveying instrument that can mea¬ 
sure both vertical and horizontal angles. 

Transmission. A gear set that permits change 
in speed-power ratio and/or direction of rotation. 

Transmission, clutch-shifted. A constant mesh 
transmission in which power is directed through 
gear trains by engagement of friction clutches. 

Transmission, compound . A gear set in which 
power can be transmitted through two sets of 
reduction gears in succession. 

rwpiifflujfbn. redact ion-type. A transmission 
whose output shaft (usually [he countershaft) 
always turns more slowly th an the input shaft, 

Transmi ssion . reversing. A transmission that 
has only a forward and reverse shift. 

rwtrif*. Cement-asbestos pipe. 

Transition Beit (Feeder conveyor). A short 
bdE carrying material from a loading point to 
a main conveyor bch- 

Tread. The ground contact surface on a lire 
or track shoe. 

Occasionally, a high-frictlon lagging on a belt 
pulley. 

Treadle, A foot pedal hinged to the floor at 
one end. 

Trench. A ditch, 

Trestle. A bridge, usually of timber or sieel + 
that has a number of closely spaced supports 
between the abutments. 

Trickle Drain. A pond overflow pipe set ver¬ 
tically with iu open top level with the water 
surface. 

Trim Holes (Relief holes). Unloaded drill 
holes closely spaced along a line to limit the 
breakage of a blast. 

Trip, A release catch- 

Tripper. A double pulley that turns a short 
section Of a conveyor belt upside down in order 
to dump its load into a side chute. 

Tripod. A three-legged support for a survey¬ 
ing instrument, 

Troughing, Making repealed dozer pushes m 
one track, so that ridges of spilled materia] hold 
dirt in front of the blade. 

Truck, bottom dump. (Dump wagon). A Lrailer 
Or semitrailer that dumps hulk material by open¬ 
ing doors in the floor of the body. 

Truck, dump. A truck or semitrailer that 
carries a box body wish a mechanism for dis¬ 
charging its load. 

Truck, platform (Rack body truck), A truck 
having a fiat open body. 

Truck, rear dump (End dump)- A truck or 
semitrailer that has a box body that can be raised 
at the from so the load will slide out the rear. 

Truck frame. Track frame. 

Trunnion (Walking beam or bar). An oscil¬ 
lating bar which allows changes in angle between 
a unit fastened to its center, and another at¬ 
tached to both ends. 

A heavy horizontal hinge. 
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Trussed. Braced by an assembly of members 
into a rigid unit. 

T.U. Takeup. A mechanism for adjusting bolt 
or chain tension. 

Tub. The base of a walking dragline- 

Turbine. A rotary engine driven by pressure of 
liquid or gas against its vanes. 

Turn Angles, To measure the angle between 
directions with a surveying instrument. 

Turning Point (Transfer point), A point whose 
elevation is taken from two Or more instrument 
positions tq determine their height in relation to 
each other. 

Turntable. A base (hat supports a part and 
allows it to rotate or swing. 

In a shovel r the upper part of the travel 
unit. 

Two Part Line. A single strand of rope or 
cable doubled back around a sheave so ihal 
two parts of It pull a load together. 

Universal Joint. A connection between two 
shafts that allows them to turn or swivel at aft 
angle. 

Upset, To enlarge an end of a bar by short¬ 
ening it. 

Vein. A layer, seam, or narrow irregular body 
of material different from surrounding forma- 
lions. 

Venturi, A pressure jet that draws in and 
mines air. 

Vernier. A device permitting finer measure¬ 
ment or control than standard markings or ad¬ 
justments. 

In 3 . spudding drill, a brake adjustment ihat 
permits the line to pay out auto malic ally as (he 
hole deepens. 

Vertical Curve. The meeting of different gradi¬ 
ents in a road or pipe. 

Vertical Drains. Usually columns of sand used 
to vent water squeezed out of humus by weicht 
of fill. k 

Viaduct. A bridge, usually of concrete, lhat is 
supported on piers between its abutments. 

Vibrating Screen, A screen which is vibrated 
to separate and move pieces resting on it. 

Viscosity, The resistance of a fluid to flow. A 
liquid with a high viscosity rating will re.vist flow 
more readily than will a liquid with a low vis¬ 
cosity. The Society of Automotive Engineers 
(S.A.E.) has developed a series of viscosity 
numbers for Indicating viscosities of lubricating 

Vitrify. Glaze during heat treatment. 

Volt. The electromotive force which will cause 
a current of one ampere 10 flow through a resist¬ 
ance of one ohm. 

Voltage (Potential). Electromotive force. 

Volumetric Efficiency, tn compressors, the rela¬ 
tionship between c.f.m. and piston displacement. 


Wadding. Paper or cloth placed over ex¬ 
plosive in a holc- 

Wagon, A trailer with a dump body. 

Drill. A wheeled frame holding a 
pneumatk drill and a mechanism for feeding it 
into the rock and retracting It. 

I+W&rr. A walking dragline. 

Walking Beam (Trunnion). A rigid member 
whose ends rest on supports lhat may move up 
and down independently, and whose center is 
hinged to the load it carries, 

Walking Bur. A trunnion or walking beam. 

Wfi/ifcm# Dragline, A dragline shovel which 
drags itself along the ground by means of side 
mounted shoes. 

Wash Boring, A test hole from which samples 
arc brough! up mixed with water. 

Waste. Digging, hauling and dumping of value¬ 
less material to get it out of the way; or the 
valueless materia! itself. 

Watershed- Area which drains into or past a 
point. 

fTajfcr Table, The surface of underground, 
gravi ty-con trolled wa ter. 

Watt. The power of a current of one ampere 
flowing across a potential dtfference Of one volt. 

Wedge. A piece that tapers from a thick end 
to a chisel point. 

Weld. To build up or fasten together metals 
by bonding on molten metal. 

!+Vf/. A slot in the front of a hydraulic dredge 
hull m which the digging ladder pivots. 

A wall around a tree trunk that protects it 
from fill, 

Wett DrilL A churn drill used for water wells. 
It usually has a limited depth capacity and a 
truck or trailer mounting. 

Well Point, A pipe fitted with a driving point 
and a fine mesh screen, used to remove under¬ 
ground water. 

A complete set of equipment for drying up 
ground, including well points, connecting pipes 
and a pwnp, 

Weldment, A base or frame made of pieces 
welded together* as contrasted with a one piece 
casting or a bolted or riveted assembly, 

Welting Agent. A chemical that reduces the 
surface tension of water so that ft soaks into 
porous material more readily. Example—synthe¬ 
tic soap powder. 

Whaler. A horizontal beam in a bracing struc¬ 
ture, 

l Vheet, track (Truck wheel). One of a set 
of *mall flanged steel wheels resting on a 
crawler track and supporting a track frame. 

Wheel, buff, A driving sprocket for a crawler 
track. 

Wheel Ditcher. A wheel equipped with digging 
buckets* carried and controlled by a tractor unit. 

Winch. A drum that can be rotated so as to 
exen a strong pull while winding in a line. 

Winch, capstan (Cat head). A revolving spool 
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that exerts a pul] by friction with one or more 
loops of fiber rope. 

Winch, donkey {Yarder). A two drum lowing 
winch. 

Winch * oil field. An extremely powerful low 
speed winch on a crawler tractor. 

Winch' power control (Power control unil)„ 
A high speed tractor mounted winch with one to 
three drums. Used chiefly for operation of bull- 
dozen;, scrapers, and rooters, 

Winch, lowing (Logging winch). A heavy 
duty winch mounted on the rear of a crawler 
tractor. 

Pipe, A dredge discharge pipe with 
one or more openings in the bottom. 

IPs'ffd'row. A rEdge of loose dirL 

Wing, Projection on an air drill bit. 


Wing Wall. A wall that guides a stream into 
a bridge opening or culvert barrel, 

tt'orA Arm, The part of a lever between the 
fulcrum and the working end. 

Working Cyrfe* A complete set of operations. 
In an excavator, it usually includes loading, 
moving, dumping, and returning to the loading 
point. 

Working Drawing. Any drawing showing suffi¬ 
cient detail so that whatever is shown can be 
buill without other drawing 1 ; or instructions. 
Warm, A gear formed of a cylinder with spiral 
threads cut in its surface. 

Worm Wheel, A modified spur gear with 
curved teeth that meshes with a worm. 

WVjsj Perron. In a bucket, the ability io change 
Its digging or dumping angle by power. 
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Listings in this index are arranged ac¬ 
cording to the word by word method, so 
that all entries beginning with one word 
arc completed before starling those that 
begin with a different word or a changed 
form of the same word. For example, "tail 
swing” precedes "tailings.” 

Abbreviations and sets of initials are 
treated as single words, so that “c.f.m.” is 
found after "caving.” When there is a ques¬ 
tion about whether a compound word such 
as “backhoc" or "centerline” is one word 
or two, it has been divided and treated as 
two. However, when a term has grown so 
firmly together that its meaning changes 
when separated, as "dragline,” it is placed 
as a single word. 

Occasional small liberties have been 
taken with alphabetical sequence in order 
to keep a related series together. 

Arrangement of double headings is not 
consistent, as it has followed the assumed 
interest and phraseology of those using the 
index. Most men think of a dipper shovel 
as a shovel, so the principal listing is given 
under "Shovel, dipper.” On the other hand, 
the hoe shovel is considered primarily a 
hoe, so is detailed under "hoe,” Cross ref¬ 
erences are supplied. Short listings are 
often duplicated, long ones may he ab¬ 
breviated under the secondary heading. 

For convenience in reference, the chap¬ 
ters are listed here: 

Chapter 

1 Land Clearing (and fire fighting) 


2 Levels and Locations (surveying) 

3 Soil and Mud (and stuck machin¬ 

ery) 

4 Cellars 

5 Ditching and Dewatering (ditches, 

drains, pipes, pumping) 

6 Ponds 

7 Landscaping, and Agricultural 

Grading 

8 Roads (including scraper work, and 

figuring yardage) 

9 Rock Blasting and Tunneling 

10 Pit Operation (digging and han¬ 

dling salable dirt) 

11 Making and Losing Money 

12 Hints on Maintenance 

Appendix (a) Tables, charts, and 

technical information 

Boldface type is used to emphasize the 
more important references in a group, 

This Index covers the text, the illustra¬ 
tions, and the Appendix, Negative refer¬ 
ences are included if they convey informa¬ 
tion of interest. 

Much time and effort has been devoted 
to making this index as complete and useful 
as possible. However, in a work of this 
size, it is not possible to entirely avoid 
omissions and errors, and the lack of a 
reference docs not necessarily mean that 
the desired information is not in the book. 
It may also be looked for under related 
subjects or in the Table of Contents. 


Fe lilies r r *** ** ^ ^ 

F .f,Tl" ^7 * t e ” "'" 10 aJdmi w« rn rlre same chapter. For Sample, the entry 

the Appetite' re * rS ***** ° nd 42 Chaptet 9 - P°S* 6 in Chapter 12, and page 4 in 
Index references include both text and if last rations. 


AASHO, *-23 
Absorption test, 5-51, 7-37 
AC (alternating current >, M3 
Acceleration, 9-37 
Accessories, 11 -3 

Accident, 1-3,4,6, 4-15,2J,33, 8-15, 9-56,63 69 
70. 10-32. I!-23 to 26 
,we also Danger. Hazards, Precautions 
Acidity, 7-M, 10-11,16,19, *-22 
Action pictures, explosion, 9-21 
Adjustments, 12-6 to 9 
surveying Instruments, 2-20 to 23 
Adlam. T. Napier, 7-24 
Adrenaline, 11-26 
After cooler, M3 
Agriculture, see Farm 
Air controls, 11-21 
filter, 12-17,1* 

lock (vapor lock), 5-19, 12-5 
Airports, 8-5 
Alcohol, 12-22 

Alkali, 5-21,40. 7-35,36,39,40 
All-wheel drive, 3-ID, 4-20, 10-24,4? 
Alterations, ||-3 
Altimeter, 2-25,26 
Altitude, 2-26, 12-18, *-14,24,25 
Ammonium nitrate, 9-6,28,29 
Amperage, 9-24.25 
Ampins, 11-26 

Anchor, 1-10,11,15.17,20,21,22, 3-31, 7-14 
buried log, 1-21,22, 7-lS 

Angle (angling) dozer, 5-7,17, 7-33, 8-2,9,10,11, 
31, 11.17 

Angle, measurement, 2-2.3,14 lo 16,18 to 20,24, 
25. *-24.25 

Angle of repose, 8-12, 10-31 
Animals, 5-45,47,49,61, 6-23,24,30, 7-13 
Anti-freeze, 12-22 
Arch, 5-37,38, 9-58,71,73,74 
Arithmetic, irr Figuring 
Asphalt base lubricants, 12-6 
Auger. 1-8, 9-1, IQ-23 
Automobile, 1-14. 7-11,17 


Back Wading (back dragging), 4-8,13, 10-3.5,8 
Back fill and backfilling. 4-1,6,14.17,18. 5-2,8,9, 
12,16 to 18,32,37 tn 39,48,62, 6-23,28, 7-2 3. 
6,9.19,39, 9-1, 10-3,44. 11-10 
compact km. 5-17.38,39, 7-5,9, 8-4 
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Back fill and backfilling (rou'4): 
imported porous, 5-17,48.51,62. 7-2,8,16 
pressure from, 4-17,18, 7-5 
Back filler, 5-17,18 
Back fire, 1-30 

Back hoe, 4-S1 to 15,22 lo 24, 5-1 to 5, see Hoc 

Backlash, 12-8 

Bad debts. 10-39, 11-2,18 

Badminton, 7-12,13 

Balance, 

cut and fill. 7-37, 8-26,34 to 38 *-5 
line, 8-37,38 

machine, 1-17, 3-33 to 35, 4-10,15. a-6 
Bank, benching, 8- (0,11,22, 10-3233 
caving, 10-31,32,34,35 
digging. 8-10,11^22, 10-1,23 to 33 
filling ofT, 3-26. 10-10 
gravel, see Gravel, bank 
height, 4-19, 8-22, 10-10.23,25,27 
pond, 6-1,11,14 to 17,31,33 
protection, 5-12.13. 6-13,14, 8-13,14 
shovel dozer in, 10-25 

sliding. 8-22, 10-31,32,34.115, see also Caving 
sloped. 5-9,12,13, 8-12 to 14, 10-29 to32,35 
stability, J-9 to 12, 6-14, 8-12 
yards. 3-6,7 10-23, *-11 
see also Benching, Digging, Planting, Slope, 
Yards 

Barricades, 4-21, 11-25 

Base line, 2-13,16,1 B to 20, 8-25,26,36 

Baiter boards, 4-2 

Battery, blasting machine, 9-23,24,52 
dry cell, 9-23,24 
storage, 9-23.24, 12-22 
Bazooka, 9-30 
Beach, 6-11,20,17 
Bearing, 12-1 lo 3 
Bedding, see Pipe 
Bedrock, see Rock 
Belt, safely, |]-is 

Sm * 9 > n * 7 -37, 8-111,11,12,23,2-3, 
B-3.9, 10-32,33,40, 11-9 
Bench mark, 2-9,12, 3-14,15. 9-11, 43, 10-39 
Bands I disease), 9-69 
Bentonite, fi-2 1,23,24.28,29,30 
Binder, 3-9, 5-41. *.5,6,7, 10-21.45,46 
BlE t 

carbide, 9-9,49,50 
steel, 9-9,49, 20-32,33 to 35.36,37 
Bituminous pavement. 7-13,26, see alia Blacklop 
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Block powder* 1-9. 0-4^749,21,23 
Blacktop. 7-13,26, 8-2, l M3 
Blade, rake, 1-2,31 
Blast hole, 9-15 to 17 

Blasting, 3 -8 to 10,35, 4-2,31, 5-7 to 9, 6-1 i, 8- 
] Oh 9-1 lo 40,46,47 r 50 to 52, 1 M2 
agent T 9-2 8 to 51 
analysis, 9-21,22 

tap. 9-4,7,15,M,1S to 21 j23 lo27 + 12-3, kll 
delay, 9-7.13,14*34,40 
covered, 1-10, 4-2.31, 5-8, 9-35,30 
damage. 5-8, 9-53 to 40 
delay firing, 5-8* 9-12,13,2 M0 
ditch, 1-21 10 24, 5-7 to 9, 10-36 
eleclric firing, 5-3, 9-7. 23 to 28 , 47,52 
fragmentation, 5-3, 8-6. 94 to 3*1445,31*34* 

10- 2,4.6 

hard soil. 6-18. 10-23, 11-9 
insurance, 5-8, 9-40 r II -28 to 30 
l oad ing, 3-21 to 24, 9-10,11,13,30 r 5 2 
machine, 9-23.24,52 
misfires. 941,35,52 
mud, 3-20 lo 24. 5^53 
noise, 9-33 to 35* 10-2 
primers, 946.18 to 22,26,29. a- 32 
secondary. 648, 94,14,31 10 33,35,36 
stray currents, 9-26,27,52 
slump, 1-8 Id 10 t 3-22, 4-21. 7-16 
throw, I -9,10* 5-8, 9-32 to 36 
vibration, 5-3, 9-34,86 to 40 
warming, 9-28.40 
Blinding. 548 
Block, sheave, see Reeving 
maich, 1-164910 23. 3-31, S -24,25. 6-! 8, 7-16. 
17, 8-8, see aha Multiple lines 
Block, tamping, 9-15 
Rlockholing, 949,32,35 
Blocking, 149*23* 3-16,31 
Blowing, see Hole cleaning 
Blowouts, 549* 9-69JO 
Blue lops, 8-25 

Body, capacity. 3-7,28/29, 4-20 

Bolls, expansion (rock anchor). 844, 9-61 to G3 

Bonds. 11-28,30,31 

Boom, 3-34, 441, 6-3,4,6,8,15,18. 8-32, 10-27,43. 

11 - 20 

angle. 3-34. 6-448. 10-43 
damage to. 6-17 
dipper shovel, L5-5 
falling, 3-34 

length, 6-4,6.845. 8-32. 10-43 
live, 6-4, 10-27 
telescoping, 4-1L 
Boring, jee atso Drilling 
wash and core, 10-38 
Borrow. 8-26,33, a-5 
see oho Pit 

Boil leuccks* 4-22* 11-10 

Boulders, J-2.Slto33, 34,25 t 4-31, 5-6,9 s 644, 
18*21, 7-67, 84,9,12,23, 9-30 to 33,76, 10- 
21,24.44* 11-9.12 
Boy* high school, 11-18 


3-6 lo 9, 10-14, a-2 


Bracing, 4-27 [0 30, 5-9 to 12, 9-59 to 61. see also 
Shoring 

slopes, 7-7,8, 842 t 14 
tree, 74549.22 
tunnel, 9-44.48,49 
Brake, 3-36* 12-8 

Breakage, see Equipment damage, hrugmcntidion 
Breakdown, H -10* 14,20 
Bridge, 5-24,25 
Brook. 642. see also Slream 
Brush, 1-110 544^610^ 2 20* 6-20*30, 10-1 
burning, 1-26 lo 28 
chopper fgrinder), 14,28 
see also Clearing 
Bucket, capacity St efficiency* 
casting. 10-27 
dragline, 6-5,8 
drop bottom, 10-2E 
for light materials. 10-20 
loader, 10-11,14,16,20 
width, 5-1* 10-24 
wrist action, 10-28 

Buildings, damage to, 449,22,27. 9-30 to 40 
digging under, 4-1.1 
moving. 1-34 

Bulkhead* 9-63.64,68. see ateo Shoring 
Bulldozer, 1-22,23,31 io33, «* 9 ' *:!• 

6-34 to 38. 7-5lo 7, 8-9.10. 10-3,4,30 10 32, 

11-20.22. a-B, 9 
Wade, 1-2. 12-21 

in cellars, 4-2 lo 9,19,20.32.33. 11-8.10 
cleanup & helper, J-34, 7-19.38, 8»15,16.±0,~3, 
LtM.6,7,14,15,16 , 

clearing, |-l U) 4.14,2^27.28.31 »S1, 8-2 

ditching and backfilling, 5”-6*l6,l /.39*48 
fire fighting, 1*29 to 31 w 

grading and spreading* 6-5,15 p 7-5 to * ,9,33*38. 
8-29* 10-8,9 

length of push. 8-18. 17-31. v8.9 
Eight. 14 P 4-l9 p J-17+35, 6-33, 7-9 K 
loading trucks with, 10-30,31,32 
in mud p 3-31,32, 6-34 to 38 
notching a slope, 4-8,9, 8-8 to 11 ■■13 
opcraiion, 1-22,23*31.32.33* 3-31,32, 4-2to9 T 
5-7, 6-35 lo 38, 8-9*10, jee aha Operation 
production, 3-8, 4^6, 8-11, a- 8,9 
rental, 11-15+17 _ 

stripping topsoil, 44,2. 5-2, 8-8,9,20 p 10-3,9, 

11,1347 

stock pilings 10-13,46.47 
stuck, 3-31,32 
tilting, 8-9 

an wheels, 5-L7 t 10-6 + lS P 1140 
see aha Tractor 

Bulldozing with a bucket* 10-25 
Burden* 9-9.10,21 
Bureau of Min-es, 9-37 to 39 
Burning vegetation, 1-3,26 to 31, 7-38, see also 
Brush. Fire 
Bushing, 12-3 
Bushwackcr, I-4 
Butane, 12-18 
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Cab, 11-3,11 

Cable (wine rope). 1-4,12,15 to 17,31, 4-31, 5-36. 
11-20, )2-9lol6 
breakage, 1-16,17 
capacity. 1-15, 12-14 
care of, 1-15 to 17 

control units—j« Power control unit 
Cutting, 12-13 

electric, 9-23,24,25,41.43,46,52 
excavator. 3-19. 10-8,19.31,33,35,42, see also 
Drag scraper 
fittings', 12-15,16 
helper on slopes, 8-9,13 
lay, 12-10 

preformed. 1-17, 12-12,13 
seizing, 12-12,13 
tangles, 1-15,16 

see also Multiple lines. Reeving, Winch 
Caisson, 4-29,30 
Calcium chloride, 7*25, 10-37 
Camera studies, 9-21,23 
Canal, irrigation, 7-34,35,40 
Cap. blasting, 9-7,18 to 21, 12-3, a-32 
see also Blasting cap 

Capacity, 3-6 tn 9, 10-5.20, 11-9,10, 12-14 
Capillary water, 4-24, 5-40.41,58,62, 6-31,33, 7- 
40. 8-6,31, 10-34 
Capital. 10-39,40.41,42, 11-1,2,3 
Capstan (cat head), 1-17,18 
Car. passenger, 7-11,17 
Carbide, silicon, 9-9,51,52 
Carbon dioxide, 9-30,31,36 
monoxide. 9-56 
tetrachloride, 12-22 
Casing, 5-24. 9-2, 10-5,38 
Cat head (capstan), 10-5.LB 
Caving, 4-13. (9. 26. 3-9 to 12,47,48,5$. 6-5, 7-33, 
35.40. 8-10,30, 9-43, 10-9,31,32,34,85, 11-10, 

Cellar, Chapter 4 
commercial, 4-17 to 34 
condensation in, 5-62,63 
depth, 4-2,11,17,18, 7-1,2 
drainage, 5-15, 60to62, 7-2,3,23.24, 9-39 
floor, 4-2, 5-61 to 63 
haul away, 4-17 to 34 
irregular, 4-6,11,14 
multiple, 4-16,17 

residential. 4-1 to 17, 7-17, 11-8,12 
waterproofing, 5-62,63 
Cement, natural soil, 3-10. 8-12,27, 10-21 

Portland, a-21, see also Concrete and Grouting 
Center of mass (center of gravity), 8-36 
Cetane, 12-19 
Chain, 

1-10 to 12,14,31, 12-16,17 
alloy. 1-11,12 
drive, 3-34 
hooks. 1-10,11 
pick-up, 4-31, 6-17,18, 7-6 
repair, 1-12, 12-16.17 
roller, 12-8,9 
safety, 3-16 


Chain (eo»?d): 
tagline, 5-5 

tie-down, 1-8, 3-16,17 
tightener (load binder). 3-16, 5-36 
tire, 3-10 
lowing, 3-31 

Channel, 5-13,19 to 21,28.41 
alignment, 5-28 to 30 
drainage, 6-12 to 14,28, 7-23. 10-34 
irrigation, 7-34 to 36 
terrace, 7-27 
Charcoal, 1-27 
Charts, see Tables 
Check dam, 5-21. 7-28 to 30,33,34 
Chemical stabilization, 5-12, see also Grouting 
Cherry picker. 9-51,55 
Chevron packing, 11-22 
Chipping. 9-14,31,32, see also Scaling 
Chlor-Tri melon, 11-21 

Choker, 1-7,8,10,11,12.14,20,21, 7-14,18, 20-75, 
76,78 

Chopping, 1-5,9,13.24. 7-16 
Churn drill, 7-5, 9-2.9,49. 10-38 
Chute, 9-75 
Cinders, 7-25, 8-6 
Clam, 

see Clamshell and Bui Mart) 

Clamp, cable, 12-15,16 

Clamshell, 1-3,28,31, 3-7,15, 4*18,18,22.29,31. 5- 
3,9,10,20, 6-18, 7-7.22, 8-13, 9-46, 10-9,13 
15)27,35,3 8,4 3,46,47, 11-17 

Clay, 

3-2,4.9,22,25, 4-26,27,29. 5-12,57,58.60, 6-6, 
18.20.21.22.28,30,36, 7-12.13,35,40, 8-6,26. 
28.32, 9-45,66,69, 10-1,2.18,21 to23,31,32. 
34, 11-12, a-2 ,5,7.10, 11 ,20,23 
bank slope, 10-31,82 
in gravel, 8-5,6, 10-21,22 
sealer, 5-57.58, 6-20 to22,28,30 
uses for, 10-1,2 
Clearing (land). Chapter 1 
burning, J-1,3, 25-31,38 
by hand, 1-1,5,18,24.26,28, 2-20, 7-16 
around house, 7-14,16,17 
togging, I-5 to 8 
machinery, l-l to 24.38 
slumps, 1-5,8 to 26 
tackle, I-I0to22 
Cleats, 3-19,20 

see also Grousers, Crawler track shoes 
Clinometer, 2-24,25 
Clip, cable, 12-15 
Clutch, 11-21, 12-2,7,8 
chatter, 12-8 
cushion, 12-7 
lockup, 12-21 
safety, 12-7 
slippage, 12-7 
wet, 12-2 

Coal, 9-2,31, 10-3.6, a- 10,11,16 
Cobbles, 3-3, 10-21 
Cofferdam. 4-29 
Cohesion, 3-4 
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Comfort. 11*18 

Compaction. 3-6.10J4.24.2S* 4-33,34. 5-17.30.33* 
34,97 to 99,4041, 6-21,23.31. 74^6,39, 8-21 1 
2710 31. II 9.11, *-23,24*25 
to avoid mud* 3-25. 10-21. 11-11 
edges* 8-30 
gravel road. 8-6 Eo 8 
by haulers. 3-27.35,36 
road fills, 8-26 to 29 
in stock piles, 10-47 
tests for, a- 23,24,25 
water for, 5-41. 8-27*30, 4-23.24 
Compartment digging* 3-18 
Compass. 2-5.6 
Compensation, 11-18,27 
Competition, 10-38 

Compressed air. 4-30, 5-55. 9-17.41,89*60 
digging with, 4-30, 0-88 lo 70 
drilling with, see Drills and drilling 
lock, 9-68,69 

Compression, engine, 12-21 
Compressor, 9-31,42,43 
Concrete (land masonry) 
breaking up, 5-16, 8^* 
foundations, 4-17,18, 5-35, 7-5 
gravel for, 15-22 

pipe. 5-20,21,31,34 to 36, 6-26 to 28 
structures, 5-25,29,32,40.50*62*63. 6-14,19.24, 
25,28,29,39*45. 7-5*7,8^35, 812. 9 60,63, 
66 

Concussion, 4-31, 5-8, 9-5*14,22 
Condensation, 5-63, 9-69, 11-23* 12-22 
Conduits, 5-14 

Confinement, 9-5. Sec also Stemming 

Construction, poor, 9-38,39 

Contour lines* 7-27 to 29 

Contracts, 8-5*6,32 to 38 P 1 U7.10 in 14,24*25* a-4 

Controls, 

effort to operate, 11-20 lo 22 
hydraulic* 11-22 
power, 11-21 

Conveyor belt* 10-7,20,21.31,42,43.47 
as hauler, 9-57, 10-31,42,43 
sizes and production, 3-6, *-37*28 
Copper sulphate, 6-38,39 
Corduroy road. 3-12 
Core drill, 10-39 

Cost, 2-3,13,15, 3-38, 4-6, 7,18.27, 5-11,18*28. 
32,41,42,44,4 5 J51 ,59,60,62, 6 6,8,1 1,24,2 5.26, 
34,36,33, 7-2,6,8« 10,16,17,20,24,26,3 2.35.37, 
38, 8-6,7,12.13,14,21,23.33. 9-2,4,15,46,63, 
10-2,7,9.16.24.26,39,41,42.44, l !-l to 17,20, 
23. a- 4.!7 s 25 

Counterbalancing, 3-34,35 
Counterweight, 3-34,95, 6-8 
Coyote hole. 9-15 
Cracking at plaster* 9-38*39 
Crane. 4-22, 5-14,60 
Crankshaft. 12-1,2 

Crawler track, 3-24,26.34. 11-3,9,18, 12-3,0*7 
mounting,. l-10 r ! 1,14,19 
rollers, 6-36, 12-7 
running off. 3-22, 3-38 to 18 


Crawler track (cant'd): 

shoes, 3-10,11+19,20,30,32,33, 4-9, 5-17, 6-35* 
10-6,30 
wear. 12-7 

Credit, 10-39, 11-2,18 
Crops, cover, 10-12,13,18 
Croquet, 7-12 to 14 
Cross hair, 2-1,21 

Cross section, 2-13.14, 6-13, 8-5,6*7 h 35>36 
cuts and fills, 8-18,30 
Crown, 8-3*18,30 
Crusher, 8-6. 10-1,13,16,21,41 
Cubic yard slation. a-5 

Culvert, 5-21 to 24 r 25 to 40, 8-2, Jee also Pipe 
backfill mg, 5-37 EO 39. 8-33 
capacity * 5-25lo 27,40 
joints in, 5-13,35,36 
poured. 5-32 

slope and alignment* 5-28 to 30 
wood, 5-36,37 

Curtain drain, 5-43,44,48,51,62. 7-2,9,40, 10-16 
Curve, ditching on. 5-1,5 
in driveways, 7-22,23 
vertical. 7-24 
width. 3-12, 7-22,, 8-1 
Customer relations, 11-11,14.25,31 
Cut. 8-5 Eo 23, 9-1 to 3,9 to 40 
cross section, 8-18,35*36 
figuring* 244. 5-14 10 16 
and fill, 7-2.37,39, 8-26,34 to 38 
grading banks of, 8-5,10.12 10 14 
ridgetop, 8-15,16 

rock, B*9.10,14,20. 9 - 1(0 3,91040 
stdehill, 8-8 to 14, 9-2 
through, 8-14 to 23+ 9-2 

Cycle* work, 3-0 ? S,9 > 5-5, 6-8, 10-23^4^849, 
a-2 p 4,8,17.25 
maximum load in, 6-8 
scraper. 8-16,17, a- 4 to 8,10 


Dam, 6-3,9*10,14, 7-32 
check, 543,21, 7-24,30,32,38, i 12 
drains through, 6-25 to 28 
earth* 6-20 to 24 
masonry, 6-19*24 
core, 6-22.24,28 
overtopping and repair* 6-23 
spillway, 6-19 
wood, 6-24*25 

Damage, claims for, 11-27,28 

to equipment. 1-4,6,15,16. 2-21* 3-l7 H 26to30 P 
32.34,38, 4-21*26. 6^1 to 6,17, 7-6, 8-27, 10- 
28*32.34,35, 12-2,3 

l0 job, 5-10,25,44,48,59.61. 6-13,16,22,33+23* 
29* 7-5AlM®^W4.26*m34.38. 8-25,26*31. 
10-12,13,18 

from lubrication* 12-4*6 
to property. 4-2,17.19,27* 5-7,S*S8* 6-10*23,38, 
7-5 h 10.13,L4,15,lG s 17,27*30+32.34,38. M4.33 
lo 40,68, 10-18,32, 11-11 
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Danger- Chapter 9 

of accident, M^JOJ 6*17,22,31. 5-7,35, 6-3, 
18> S*L4 11 Jfiio2l t 22to25 
of loss, II 2J40JLI34S 
to equipment, 3*IS.28J2 P 4-1547,26. 5-4J7 + 
6-4,5,649 33.36, 7-5 p ID* 8*2,10,13.30, 10-19, 
28,32.3445. 12-2,3.20 to 22 
to insta] tat ton, 6-19(0 24,28, 7-5.7,8^1149. 
20.26.30,34. 8-4,944.31 

to people. 1-28, 9*] 5.18,23,30> 10*19,28 .£2,36, 
11-24 to 26 

to property. 1-28. 4-26,27, 5-7,8^5.58, 6-19, 
20,23.24,26.28,38.39. 7-5.1 4 tn 16,30, SA,9. 
14, 9-13 
DDT. 11-26 
Deadheading. 8-1647 
Deck, loading, 9-16 
Decompression. 9-69 
Deflagration, 9-4 
Delaware Aqueduct. 9-42 
Delaware Water Supply News, 9-45 
Delay, caps and firing, 5-S ? 9-743,14.23 
work. 3-6,11, 4-17.22, 5-5. 6-6,30, 8-1.4.3J, 9- 
4, 10-24^8,33. 11-9 to 11,13, A~4,I5 
Depreciation, 11-1,3 to 6, a- 33.34 
Derrick. 9-45.46 
Detergent. 12-2 
Deterioration, 9-5.6,30,59 
Detonating fuse, 9*15,20.21, nv ttisa Primacord 
Deion PC ion. 9-4,21,22 

Dewatering. Chapter 5, see also Drainage, Pump¬ 
ing. Water 

Diesel, 9-45.46, 11-16,17, 12-1? to 22 
fuel, 12-13.19 
lube oil, 12-2 
smoke, 12-19.20 
shirting, 12-20*21 

Digging, in bank, 8-11.22, 10-23 lo 33. see oho 
Bank digging 

deep, 9-4610 49, 10-24,32 to J7 

depth indicator, 5-|4 

direction. 5-2.4 + 8-16,21.23, 9-43 

downhill, 4-15, 8-16,21, 10-29 to 31 

hard and easy, 3-1* 4-4,11. 6-18. IO-l4 r 19 T 23. 

24,27.32, 11-9, a- 2,10 
level pit, 10-31,33 

quality. 11-8,9.12 

resistance. 34 
sandyi 4-17,20 

selective, 6-6J, 10-12 lo 15,27,43,44,47 
scraper , 8-14 to 22, see also Scraper 
in stream bed. 6-12 to 14 
from the top, see Cellar, Dragline, Hoe, Pii, 
Fond* Shaft 

underground. 4-11, 5-34, EMOtoTB, 10-1 
wet and underwater, 3-18tu20 h 4-7,17 T 20, 6-1 
to 19^2 io 38. 10 34,35, 11-9 
see also Loading, Penetration, Ripper 
Dike. 319.21, 6-12,14.16 
Dimension stone, 9*1*5 
Dip, road + 5-10. 10-34 
Dipper shovel t see Shovel* drpper 


Disc harrow, 14, 6*15,16, KMIJ2 
Discounts, 11-2,4 
Distributor, wet, 12-22 
Ditcher. 5-6,46lo48,[ MO, see also Hoe 
Ditches and ditching, 3-12,2 3 to 24 + 4-25,29,5-12. 
13 to 18,41 io 44,46 to 48, 64,7.8,9,12 to 14. 
7-6.15,35.36,39, 8-22,31,32, 9*1.57, 10-34,35, 
11-10,25 

hack filling, 5-16 to 18,37 to 39 h 7*6. see also 
Back fill 

blasting, 3*21 to 24 ? 5-7 to 9 

bulldozer digging, 5-6,7 

caving, 5-4,7 h 9 to 13, 1038, 11-25 

cleaning, 5*I2 P 7*35,36 

crossing, 5 A 6*12 

diversion, 7-23 + 10*34 

drain. 3-12*21 p 4*25,29, 5-L2.13.41 to 44 

for flU, 8 22.32 

for foot walls, 4-6.11,14,18 

irrigation. 7-34 to 36 

near trees, 7-15 

permanent. 5-12,13,41 to 44, ! 0-35 
for pipes. BA 5-1 to 12,14 to 13,46 to 48 
"W," 5*13 

Diversion of funds, II-L23 
Divining rods p 7*4 
Don ora smog, 9-39 

Double handling, 6*2 p 4lo7 T 34. 10*7,8,9 
Down pressure, 3-23, 3-31,32 
Dozer, see Angle dozer K Bulldozer, Shovel doacr 
ripper 

Drag levcler, 7-38 

scraper (cable excavator), 9-53,54,73 to 75, 10- 
31*32.47 

fee also Cable excavator 
Dragline, 1-3,24, 3-7,14,15,19,20,33 to 35. 4-16, 
17,24, 3-1 ,6. 17,20, 6-1 to IS, 1 7,20.33,34,38, 
7-19.33, 8-13,23.32, 9-1,13.28, 10 fi In 9,12, 
13.15,19,23,27^8,40.41,43, 1II 5.16,17,20, 

V2,I 1 

Drains and drainage, 3-18to5(1. 7-l,8,9, 8-7,12, 
9-39.49.56,63,73, 10-33(0 37. 11-11 
area, 5-25,26, 6-30,31, 7-29 
bank and fill protection, 8-12,13 
behind walls, 7-B 
cellar. 5-15, 60to62. 9-39 
channel, 3-12, 5-13,19 to 21,28,41 
curtain or inlereeplmg, 5-43,44,48,51.62, 7-2, 
9,40, 10-36 
under dams, 6-22,23 
along drive, 7-23,24 

excavations, 4-25,26, 5-58.59, 6-1,2,7.8. 9-49, 
56 to 5S, 10-33 to 37 
fill surface, 8-30,31 
French or rubble, 5-44,45 
gradients, 5-18,30,47,4B 
around house, 5-60,61, 7-1,2.8,9 
inlei, 4-26, 5-19,57, 7-8,9. 10-35,36 
irrigation, 7-39,40 
mole, 5-45, 6-16 
pit floor, 9-12, 10-33 to 35 
planning, 10-37 to43 
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Drains and drainage (cettfd)'. 
pond. 6-25 to 28 
protection. 5-45,49, 10*35,36 
roiid, 8-7.12« 949,49*56*63.73 
septic, 5-50 to 5:3 
siphon, 5-18>l9 

storm water, 4-25, 5-61,63. 7-9 
subsurface h 5 -23,41 to 50,60, 7 -1 .8.9, I3 -39,4C T 
M2,3mw 11-10 

tile p 5-21, 45 tool, 646. 7-8*9,16,17.40, 8-32, 
33 

for tree roots, 6-t0, 7-16 
trickle or elbow. 6-25,26 
vertical. 3-24,25, 5*53 In 58 t 6-21, 10-36 
through windrows, 543, I (Ml 
see also Ditches. Pipe, Water 
Draw bar* 1-7,10,11, 3-31 
pull* a 6,7,18,25*29 
Draw knife, 9-66 
point, 9-73 to 76 

Dredge* hydraulic, 3-6, 5-20, 6-33,35, 10-35 
dipper, 8-32 
Drifter, 9-51 

Drill* auger, 548.34* 9-1, 10*38 
churn, 7-5, 9-2.9, 10-38 
diamond, 5-13, 9-42 10 44*7 3,72* 10*38 
ditch, 5-7 

hand (jack hammer)* 5-7* 9-9,47 

jumbo, 9-41*51 

rotary, 9-9 

selection, 9-9 

size, 9-2,9 

spudding {churn 1* 7-5 
steel, see Steel 

wagon, 5-7, 9-2,9/11,47,51. 10-5 
well, 10-38 
Drilling, 94*9 10 13 
core* 9-43, 10-3B 
ditch, 5-7 to 9 
horizontal, 9-1 
line (relief), 5-8, 9-14 n 32 
measurement 9* SI 
pattern. 9-9*46,47,50,51 
shaft, 946 F 47 
lest, 4-24* 9-42 to 44 
tunnel, 9-50*52 
'wet 9-42,43 

Driveway, 7-3,6,9,22 lo 20 
Surfacing, 7-23 TO 26 
turnaround, 7-24 
see also Roads 
Drum, cable capacity, 1244 
winch, 1-15*16. 12-10,13*14 
Dry well* 5-S5,6h 745,16 
Drying in stockpile, 10^12,17,19 to 21 
Dump, body capacity, 3*6 to 8 
hoist, 11-22 

overhead, 1-31, 10-25*26 
lime, a-16 
Lruck, 11-22 
uphill, 10-44 10 46 
to waste* 10-10 


Dump ietittf d>: 

see also Fill, Pile, Storage, Truck 
Dumptor* 9-56 

Dust, 7-26,27. 8*6.28 h 10-2,17/18.24*37 
Dynamite, 1-ElolQ. 1-20 10 24* 9-**5 to 7,23 to 
27 t a- 30 to 32 

containers and burning, 9-5.6,8 .a*32 
free running, 9-11,16 
loading tables, 3-20, 9-10+11.32 
in mud, 3-20 10 24 
priming, 9-18 10 22.23 


Edge of fills. 8-25.30,31 
Efficiency* container, 8-7 lo9 
lob, 1-8* 2-1* 9-50.72, 10-38. H-7.1l.2S 
machine, 3-8,9*56,58, a-8. set also Equipment 
comparison 
tractive;, 3-5, a* 13 
Electric, 

generator, 9^13 
power, 9-23,24*41 
shovel, 10-5 

ElcctS fiItog/3-22, 5-8.9, 9-7 ,*.21,22*3 to 2S, 
47,52 

connections, 9-26,27 
current source, 9*23 to 26 
delays, 5-8. 9-7.13,14.23 
•series. 9-23,24,26 to 2S 
special hazards. 9-7,8,27,52, a* 3_ 
speed of, 9-21,22^ 
stray currents, 9-7,8,52 
testing. 9-23.27.2B 
voltage, 9-24,25,43,52 

Elevating grader, 8-32 , ,, ,, a 

Elevations: 1-810 14.19,23.25,26, 5-15,16, B-34. 

35. 9-11,12 
Elevator, 9-42,46 

Embankment, 8-12,13,26,31. see also Fill 
Embezzlement, 11-23 
Energy ratio. 9-37 
Engine, 12*17 to 22 
air filter, 12-17.18 

auxiliary. 12-21 ... 

diesel. 9-45,36, 11-16,17, 12-18 to 21, A-14,24. 

25,29 

exhaust, 9-56 

gasoline, 9-56* 11-16*17, 124 8.-1.-2, a-~ 9 
power* a- 14,24.25*29 
runaway* L248 

rouping up and smoke. 1249g20 
Equipment* adjustment, 12-6,8 
alterations* 1t *3 *3 8,22 
care of* 3-34 to 36, 6-29.36*37 
comparison and selection, 147,19*23*24, 3*1., 
4 16,17.18^4^6, 5-0*10+16. E7 f 23. ^8*18*35. 

36. 7-5.38,39, 840.11.14,18*21, 9-9. 10-7 

24 to 31*41,42*46.47. 11-10.15 to 18, 12-18 to 
20 + a 29 

design. 11*18 to 20 
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Equipment (cont'd): 

hanging tip, 3-11,29,31,32, Il-]5 

insurance. 11-27 

lubrication, 12-1 id 6 

maintenance, 11-14,16, Chapter 12 

mining, 9-53.54 

new and used, 11 -16 lo IS 

overloads 3-7 

protection, 1-3+ 3-30, 90S 

purchase and ownership corf, 11-2 la 646 to IS 

reinforcement, 11-3 

rental, 407, 11*2,14 lo 17,20,29 

required, vl6 

site and weight, 1-1,23,24, 3-5, 6-S P 35 h 36, B4S 
21, MA 10-5.2^27,16,41, H-9JS.I6 
stuck, 3-11,14,20 In 3S r 547. 66 J6, 7 5> 1 144 
J5 

teams, 1-3,24, 442,32, 64,38,13,38, 8-8,11.21. 

10- 7 h S, 11-10,15, a- 2 
upset —see Overturning 
wear, 3-11. 6-16, 9 15,52 

H.R, (Energy Ration), 9-37 
Erosion, 54 2 to 14,18,23,49, 6-1248,16. 7-I1+J2 
27 lo 3347, 842,31, t(M8 
Estimating, 24 3,14,20. 3-5 In 9, 4-6,17, 345,26, 
6-2,8,11, 8-32 to 40. 9-11, 10-3^1,24,18.39, 

11- 4^7to It, a-I In 18 
casual, 8-34. 114 
sample sheet. *4 7 

El her starting fluid, 12-20, 21 
Ethyl. 12-18 
Evaporation t 6-31,32 

Excavation — see type of MorJt, as Cellar^ Dig¬ 
ging, Ditches, etc. 

Exhaust, conditioner; 9^56, 12-18 
engine, 3-36. 4-11 

Exploration (prospecting), 4-24, 7-2, 9-43,44.57, 
71,72, EO-38 
Explosion. Chaplet 9 
speed of, 94,6,21,22 

Explosives. 1-8 io 10. 3-20 to 24, 5-7 to 9 h Chapter 
9, a- 30 to 22 
fumes, 9-4,28,47,52 
handling, 9-8,9, a-30 i c > 32 
loading, 1-23,24, 9-9 to 11,15 to 18 
permissible*, 9-4JI 
qualities of, 9-3 lo 8+2 B lo 31 
s-afety rules, 94,9, a- 30 to 32 
selection, 94 to 7 
sensitivity. 94 to 8,28,29 
shaped charge*, 940.31 
special, 94.28 to 31 
spoiling, 94^56 
storage, 9-8, a- 30 to 82 
see also Blasting, Dynamite 
Extinguisher, fire, 1-28+ 9-69 
Extractor, pile, 4-28 
Extra*, 11-10 


Face, 9-3,9,11.12.14,28 
measurement, 9-11 + 12 
Failure, financial. 114 8,23,24,27,31 


Farm Bureau, 30-18 
Farm, alkali, 5-2140, 7-35,36,39+40 
drainage. 541 to 51, see oho Drainage 
equipment, 7-9, 21-3 A je* also Tractor 
irrigation, 7-33 to 40, see aho Irrigation 
Farm land, restoration of, 1048 
leveling, 7-36 to 40 

soil conditions, 5-40AU 642.33_ 10-1 B h see 
also Topsoil 
terracing, 7^26 to 30 
see also Erosion, Planting 
Fault, 9 39,70 

Figuring, 2-8 to 20, 34 to 9+ 5-14 lo 18,25. lo 27, 
4B49+52, 6-13. 7-28. 847.32 to 38. 94 0,11. 
El-1 io 15, A-l lo 28 

Fenilizcr, 6-16.39, 7^9,10,11,19,22,33, 844,10-11* 
1748.19 

Fill, 1-5.25, 3-644,20 to 24,25,20, 4-1,6,7,13,32, 
33. 5-80^34^09,62, 6-6,104 146,19 tc 
24.28.34, 7*2,5,6,8,1145,38,39, 8-14,5,6,9. 
14,25.20 lo 33, 9-1, 11-8,941 
compaction, 3-fi s 25, 5-39, 6-21, 7-6,39, 8-26 Id 
2S, 11-9,11 

cross section, 8-35, a- 8 
disposal. 4-5 10 7,11,13.17,32+ 5-13, 6-3 to 6,14 
to 16,19,33 to 35, 7-2,5 to 7, 8-26, 10-2,9,10. 

16 

Jumping off bank, 3-26 
hydraulic, 6-2Q 
layers, 7-6. 6-23 to 30, 11-9 
marking grades. 7-38, 8-22 to 26 
pervious, 7-8,16, 8-6,26.3U2 
pressure from, 4-17,18, 5-38,39, 7-5,7 
rouk in, 8-6,28,29,31 
sanitary, 8-4 

scraper, 8-30,31, 10-4,5,9 
settlement, 3-20 to 24, 5-53 lo 55. 6-5,21. 7-6, 
8,39, 8-2.27 io 29, 11-8 
sidehill, 8-9 lo 14 

slabilization, 3-20 (o 24. 5-53 to 56 
on swamp, 3-20 to 24, 5-53 to56, 8-28,29,30,91 
swell and shrinkage, 3-6,25, 8-27,35.36 
watering, 8-27,30 
see backfill and Compaction 
Filler, air 12-17,18 
bed, 5-51,7-2 
fuel, 11-23 
oil, 12-2,3 

poor local ion of, 12-3 
water, 5-57 
Financing, 11-3 
Fines, 3-2,9, 8-5.6, 10-1,21,35 
Finishing, jtt Trimming 
Fire, 1-1 to 3, 25 to 31, 6-B 
control, l-28io31, 6-1,17. 11-29 
and explosives, 9-5,6,8,23.30 
extinguisher, 1-28, 9-69 
hose and nozzle, 9-69 
insurance, 6-17. 11-3,1 B,27,29 
in soil, 1-25,31, 6-8 
lest for humus, JO-19 
in lunnels, 9-44. 45, 69 
vegetation, l-l to 3.25 lo 28, 7-38, 10-12 
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Firebreak. 1-29 Co 31 

Firing, 9-22,23 IO 28 

First aid, 11-26 

Fish, 6-3,13.28,39 

Fish plating, 11-3. 12-9 

Fittings* chain and cable, 12-15,16 

Flores- 11-25 

Fleet angle. 1243 h 14 

Flood, 1-25, 5-25,40,63* 6-1,13,24,25, 7-3,23,39, 

8- 2,32* 9-57 
Foot valve, 5-57 

Footing, 9-38.39, see afro Traction, Mud 
Foot wall, 4-2,3*6,14.13,21, 5-28.62* 6-29, 7-2 
jee also Foundation 
Ford, road, 5-40, 8-2. 10-34 
Fore poling, 9-64 CO 66 

Forms. 5*32 , „ 

Formulas, 3-8,9, 5-26,27*47,48+51*52, 6-13, 7 -28* 

9- 10*11. 11-8,9, a-19,20,24,25 see also Tables 
Foundation, 1-33, 4-1,3,17.18+34, 5-35, 6-28,29, 

7-5^, *w nto FootWflU 
Four by four, wf All-wheel drive 
Fragmentation, 5-8, 8-6, 9-1 lo 3,14.15+31,34. 10- 
2,4,6, 13-43. 21-55 

Freezing and frost* 3-10,25,35,36, 5-12,14.44 r 6- 
25 to 27,37,40. 7-7,8.31,25,24,32, 8-5.12+27, 
31, 10 13,21,22,32, 12-21.22 
heaving, 7-7, 8-31 
Friction, a- 27 
coefficient of, 3-5,6 
flow, 5-23 

Frost, 3 10, 5-14, see also Freezing 
Fuel. 11 -4,14,23, 12 18*19 
dirty, 11-23 
filter, 11-23 
tank, 11-21, a- 29 
Fullers earth, 12-8 
Fumes, 9-4,5,28,45,47,52. 10-19 
Fuse, 9-7,13,22,23*27, a- 32 
lighting. 9-22,23 
inserting in eap P 9-18,19 


Galvanometer 9-27 
Game courts, 7-6,12 to 14 
Garage, 7-9+23.24 
Garbage, 5-5 1, 8-4 
Garden, 7-2*6.10 
Gasoline, 1-27, J 2 8,18 
Gate, automatic, J^9 
Gear, 12-1 
selection, 10-20 
Geiger counter, 9-71 
Gelatin* 9-6 
Generator* J-9 
Gifts, 10-2 


Glass breakage. 9-35 
Glory hole, 9-47,73+ 10-31 
Governor, 12-18 

Grader, 5*6,17, 6-15, 7-30, 8-11,13,22+31 
Grade and gradient* 3-5*7,8. 4-5,6,10,12 S 14,S_,lo. 
19,21, 5-14 tn 16,18,30*42,44,48+49, 7-6,13* 


7-5,6,13, 


7- 


Grade and gradient (eo/ir’d): 

23,24,27 to 29*35 lo 40, 8-1,2,4,5,16,22 to 26, 

10-28+31 to 34 f 36, 11-8 
Grading backfill, 4-6,7*11,17* 5-38,39. 

9-2, i 0-3,5.8,9 
banks* 6-14,15, 10-8.9,14 to 16 
crown* 8-8,18 

against erosion* 5-13,20+21+ 6-15,16, 7-8.9,11+ 
12,26 to 13 

for farming* 7-26 to 40 
fill, 3-26, 4-6,7J 1.17,33,34, 5-56, 6-9*15+16, 
5,6+33, 8-29,30,31+ 9-1. 3 0-3+5,8.9 
game courts, 7-12+13 
gravel surface, 8-6,7 
around house, 7-3 to 13,16 
for irrigation. 7-37 to 39 
piles, 644,15, 30-8,9 
with scrapers, S-19,20,22 
slopes. 5-12,1 3* 8-3 3,14 
for water conservation* 7-26 to 30 

Grafting* 7-14 

Graphs* see Tables 

Grapple, 1-33 , _ _ _ . 

GraSi. 5-H. 6*11,15-16, 7*2,3,6,9 lo 13, 8-13,14. 
see trJjo Lawn 

Grasihopper+ 9-55,56 

Grave!, 3-1-t, 4-25,26, 5-17,32,26,37.46,52,*!,63. 
6-6.16,18.22,23, 7-2.13.16.24,25, 8-),5lo8, 
26. 9-60,68. JO-1.21,22,31,34.35,37,46, l!-2, 
11,13, a- 5,10,23 
bank, 8*4,5 to 8,Z6, 10-1.21,22 
bant Slopes, 10-31,32 
birds-cyc, 9 - 60,68 
crusher, 8-6 

and ground water* 10-14+35,36 
processing, 10-23 

screened, 8-6 

selective digging in* 10-39,43 
shortage, 10-37 
speeificat ionS+ 8-5 p f* 10-21,22 
test** 10-21,22 
with tile* 5^16 to 48.51,61 
Gravity, center of, see Center of Gravity 
Grease* 120+ 3 lo 5 

asphalt-base, 12-6 
gun r 12-4,5 

for gr^uling. fc29 
seal. 12-4 
too much* 12^LB 
set oho Lubricants 
Greasing, see Lubrication 
Grid, 2-3 8 to 20. 6-19, 10-39 
Gfizjlie. 9-75 

Grizzly* 8-29+ 9-54, 1046+41 
Ground movement. 4-26 to 29 
pressure, 3-11+ 4-18,20,27+ 5-12*38*19+61, 6-22+ 
24, 7-V*8* 8-12*13, 9'5S to 69* 1032 
unstable, 5-9.10.46 
water, see Water 
waves* 9-36 to 38 
Grousers. 340JU’U9,20, 6*35 
Grouting, 3-25* 5-12* 6-24J29+30* 10-36 
in tunnels, 9^2*57,63 *64,63,69 
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Gu oraniccs. 11-11.25*26 
Guide plate* 1M9,20 

Gully. 5-11, 6-16,21, 7~l 1,29,00 to 33*17. S-12 t O P 
10-2,18 

Gunn he* 9^9,63 

Gutter, 5-61, 7^9.23* I-6J* 12,22,31,32 

Guy t 12-11 

GVW {Gross Vehicle Weigh!). a- 13 
Gypsy, spool, M7 J$ 


Rammer. ajr> 4,28 
weight dropper, 6-30 
Hammtfrmill, i 0-13,16.21 
Hand drill, stick earner, 1-5 
winch, 1-18,19 

work, 1-1,1,13,14.24 to 31, M3*27.28,30. 4 9, 
11,19,21.31, 5-5 r 9,10 7-9* 10-16,20,21,23*43 
Handling oversize, jk Ovcnize objects 
Hanging up, 3-17,29.31,32, 6-35* 11-15 
Hard pan, 5-53,60, a- 5 
Hard surfacing, 11-18, 12-7,9 
Haul, distance, 8-1 fU 1,26.35,34 Eo 38, 10-2,41, 
U 8,12* a- 3,7,14 
free and over, a-5 

roads and footing, 8-2 lo 4,22,23, *4.6,7,13 
time. a-G 

Hazard, accident* see Accident 
bitting, 1-9,10, 5-8, 4-11. 5-8,9, 946 to 40 see 
aha Blasting 

breakage, 1-16,17, 3-17. 5-14 
caving, 4-26, 5-9 to 12,58, 8-10, 10 9,32*35* 11- 
20, see tth& Caving 

explosives, 1-9,10, 5-8, CEiaptcr 9> a- 32 
financial, 11-27 to 31 
fire* 1-27.28, 64J. II 18 
loss. 1-1,27 (0 31* 5-24, IM0.27 to 31 
rock falls. 8-14, 9-14, 10-32 
trees, 1-22*30,31,745 to 17 
Head* hydraulic, 5-19,62 
Headache. 9-8,9*15*29 
Heading, 9 50 lo 54,64 to 70,73.75 
Health, 7 3,4*17. 945 r 69 
Heap. 3-7*28.29* 8-21, a-B 
Heat, underground, 942,43,45 
Heaving, 8-31 
Heeling in, 7-19,20 
High line, 9-23*24,25.41 
net aha Electric power 
High wall, 10-3*6,8 
Highway cuts, 8- 1,2.8 Eo 23, 94,3 
Hill* hauling on, 8-2 

Hillside I Side hi LI), 3-27* 4 8,9.15,31 Eo 34. 7-23, 
B-2*3,8lol4,35,36. 9-2,3,9, 10-9,29 to 32,34, 
40, k -8 

cuts and hits, 8-2,8 lo 14*15,36 
drainage* 5 21,30,41,43,44,48,49,61,62. t^U.16, 
7-2. M* 12,23,27 to 33, 8-12,13. 10-32 to 35 
nolching, 4-8,9,33. 7 23, 8-2,9 to 11 
stripping, 8-8,9 t 10-3,4,9 
Hitch, tunnel. !M1,59 

Hoc {backhocp pul [shovel. dragshovcl) 1-3,24. 
3-15,27, 4 1,2.11 to 15,17*22 to 24. S4 to 5, 


Hoc (canfd): 

6,9.17, 64J f 18 t 7-7-19, 10-9* 12 r 13*23.3 5. U- 

16 

Hole, burden and spacing. 9-2. 10 to 13 
size and depth, 9-2.9*12,16,20*42,44,47*50 to 
53,77 

snake, 9-13JL.3J 
taper, 9-9 

Home building, cellars, 4-1 to 17, 5-15*16,60 to 
02 P 7-1 lo 3 

drainage, 5-15.16,60 to 62 
eleva!ion and view, 7-1,2.3*23.24 
footings, slab and foundation. 7-2*1.5 
game courts, 7-12 Eo 13 
grading. 4-6,7* n F 7-1 to 13 
landscaping* 7-1 to 26, set o/ao Ponds 
septic system, 5-50 to 53* 7-2 
topsoil, 4-1*2, see aha Topsoil 
ltt «t 4-1.6, 6-10,11, 7*13 to 16,19 lo 22, set 
ati& Tree 

Home site selection, 7-1 to 10 
Hook, grab, 3-10*11 
pintle, 1*11 
pipe, 5-35 
root, 1-12 

Hopper, bank, 10-29,31 
drag scraper, 9-53 
drive-acre**, 10-42,43 
processing planl. 10-47 
Hornets. II 25,26 
Horschcad, 9-65 
Horsepower, a- 25 
Hose, air* 9^41 
water. 2-26 
Hoi wire, 9-23 

Hour, JO minute, 3-8,9,10,13. a- 1,7,9 
meier. 11*14,15 

Hourly basis, 11-4 lo 7, 13 to 17 
House, locale on site, 2-15 to 17 
without instruments, 2-16,17 
Houston, Texas, 9-39 

Humus (peat), 1,25.31. 3-3,7,9.10, 5-53 to 50, 58, 
6-1,6,0,9,14,15,21,23, 7-10, 10-10 to 12,16 lo 
21, a-22 

dewatering and processing, 10-L9 to 21 
fire in, 1-25,31, 6-8 
handling, 10-18 to 21 

not toad bearing, 3-9,10. 5-33.54, 6*1. 8-26, 10* 
19, a-22 

stabilizing, 5-53 to 56,58 
testing, 10-19 

in topsoil, J0* 10 lo 12.16,17 
uses, 6-6, 7-9JO, 10-19 
Hydraulic, 11-22 
drawbar lift, 1-7 
gradient, 5-42 to 44. 10*34, 36 
Hydraulic king, 6-20,38, 9-2,3 


ICC, 9-8*29 

Ice, 3-10,16,35. 7-3,24, 8-4,! I 
Idle time, 8-1, M2, 11-10.11.13 
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Ignition wet , 12-22 
Income, 11'J 3 

Inlet;, drainage, 5-49, 7-9,9, IO-35 P 36 
pump, 4-26, 5-57 
Insect slings, 11-25, 26 

Inspection, 4 17,31, 5-9. 9-35,38 to 40, 11-12,24 
Instrument, surveying, Chapter 2 a 3-4 
adjustment, 2-5 lo 7,20 to 23 
see also Level, Surveying 
Insurance, 4-3 L 5-8* 6-17, 9-40, 11-1 to 4,7.tS r 
23,27 to iJO 
compensation, 11-22,25 
liability, 11-22 lo 25 
premiums, 9-40, 11-24,25 
Intercooler, 9-43 
Interest, 11-2^3 

Internal Revenue Dept., 11-3 
Interstate Commerce Commission, 9-9,29 
Investigation, L 0-37,38, 11-12 
see also Estimating, Exploration, Measurement 
Investment, 11-3,6*6, a-16 
Irrigation, 7-27,33 to 40 
canal pavement, 5-20,21 
ditches and canal, 5-20,21* 7-34,35 
gradients, 5-18 lo 22,41 to 49, 7-35.36 to 40 
subdrainage, 7-39,40 
Islands, 6-9,34 


Jack, 1-7. 3-29,33.34, 9-66,67 
Jading. 5-34 

Jetting, 5-34.55,58,60, 6-25 
Job. access to. 8-1*2, 20-13 
-to-job move*. 4-6.1922, 1041, 11-18,23 
study, 7-37,38, 8-32 to 38, 1 U7 to 13 
Jokers. 3-28. 4-|7, 6-3G h 104 5,16, J14U2J3 
Jumbo. 94 1 


Kemano Tunnel, B.C.. 9-42 
Kiln, 8-27 

Kimberlcv, South Africa, 942 
Kinking, 14145*16, 12-14 


Logging, 9-2349,60,61, 10-28 
for blast protection. 9-29 
drum, 10-23 
Lampblack, 9-30 

Land clearing, Cliapler l p see aha Clearing 
Land leveler and leveling, 7-36 to 40 
Land plane, 7-39 

Landscaping. 2-18,20, 5-12,13,19 to 21, 6-9 to II, 
15 to 17, 7-1 to 26, 8-12 to 14. 10-3,5,11,12, 
17,16 

beach, 6-16,17 

drainage, 5-12,13*19 lo 21. 6-15^6* 7*8,9 
grading, 5-13, 6-9 to 11,15, 74,2,5 to 16, 8-12. 

13, 10-3,5,9,9 

planting. 5-13, 6-16, 740 to 13,17 to 22, 643, 

14, 10-1 l t 12,17, IS 


Landscaping l roof'd): 
retaining walls* 7-7*8. 8-12 
slopes, 5-12,13,! 9 to 21, 645 t l6. 7-2 to 4,7,11, 
12 , 9-12 to H 
survey for, 2-18 to 20 

trees, 513. 6-10,11,16,17, 7-10 to 13,17 to 22 
Lang lay, 12-10 

Law and regulations* 4-17 + 5-51, 6-3,13,20,38* 7- 
5,94,3. 1Q-3+8.18,37,38, 11-18,22 
set also Permits, Zoning 
Lawn, 7-2,3,6,9 to 18 
from field, 7-10,11 
planting and protection, 7-10 to 13 
slopes, 7-6 t 9-13+14 
Lay, 1240 
Layers, fill. 11-9,10 
Leaching, 740 
Lead spiner, 9-23 

Leakage. 5-20,21,35,56 to 58,60 10 63+ 6-22 to 25. 
28, 7-35,40 

air into pump, 5-56 to 58 
irrigation water, 5-20,21, 7-35,40 
water, 5-35, 6-21,24*25,28 
Ledge, 9-32 + 11-9* see also Blasting. Rock 
Level ttelescopic), 2-1 lo 16*18 to 23 
adjustment* 2-5 to 7,20 hi 20 
builders', 2-1 to 4 
convertible, 24 
hand, 2-23 to 25* 4-14* 6-19 
setting up, 2-5 to 7 
string. 2-25, 4-14, 8-22 
transit, 24,5,!8, 4-M.EL 649 
walcr, 2-26, 649 
Leveling, 7-26 I0 28.36 to 39 
rod (large! rad), 2-7,8,11 
spoil banks, 5-13, 4-6.7,11,17, 6-9 to 11,15* 10- 
3.5,8 r 9 

see also Grading. Trimming 
License, 314*18 
Lights, 11-3*7 

Lime, 6-15.33, 741, 1041,17,19 
Limestone, 9-2, 10-2, a-2J 
Lines, multiple, set Multiple lines 
low. 3-29 [0 31 

see also Block, Cable, Chain, Winch 
Lining, tunnel. 947 to 49,58 to 63,65 10 69 
Lining up to dig, 4-11 
Link, missing, 1246.17 
Liquid limit, 3-1, a-22 
see also Mud 
Load, binder* 3-16, 5-36 
distribution in soil, 5-37 to 39 
on drive wheels, 34,6 

Loader, tractor, 10-24 to 26* see also Shovel dozer 
Loading, explosives* 3-20 bo 24. 541, 9-9 lo 11,14, 
15 to 19,30 
on higher level, 10-5,7 

On lower level, 4-24 t 947*73 lo ?6* 10-15*28 
scraper. 1-24, 8-11.14 to 22 . 104,5,28,29,13. 
a-5,6,7,10,11 

trucks* 443,14*19,21.23,24 6-6*33,34, 7-7,10- 
14 to 16,24,26 to £9,30.31, *-5,6,7,10,1! 
Loam, 3-3, 8-26,27, 9-2, *-5,10,23 
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Locations., 2-14 to 20 
Lock, air, 9-68,69 
Lockup clutch, 12-21 
Locomotive, 9-55,56,69 

Log, 113. 342, 5-24, 640, 840,12, 9-3536, a-21 
Logging, 1-5 tn S t 9 
Los Angeles, 9-42 
Loss, 3-17, il-7,12 T L%22 
Of equipment, 3-17 
lov, 9-30 

[.umbering, 1-5 to 8 
Lubricants ami lubrication, 12- 3 to 6 
asphalt-base. 12-6 
cable. 12-14 
dip. 12-1 

grease. 12-1, 3 to 3 
gun, 12-4, 5 
oil, 124 to 3 
mist, 12-2 
pressure, 6-29 
Seals, 12 
loo much, 12-4.6 


Machinery, see Equipment 
Magazine, 9-5+8. A-36,3l t 32 
Magnetic plug, 124 
Magnetism, 24,6 
Maintenance. Chapter 12 
set atso Equipment maintenance 
Maneuverability, 7-9 
Manure, 749,22.33, 844, 1047,18,19 
Mapping. 2-15 r l 6 
Market. 10 38 
Mjvs diagram. 8-36 to 38 
Mass profile, B-36 to 38 
Master pin, 3-38 
Mat, blasting, 9-35,36 
support, 3-14 to 17. jm aho Platforms 
Match lighter. 9-23 
Material weights, 3-5, a- 11 
McGraw-Hill Book Co., 9-41,44 
Measurement, bulk. 3-6 to 18. 10-39, 11-8,9,12 
capacity and flow, 3-6,7, 5-25 r 26< 6-13, 11-8,10 
digging lines. 4-6. 5-14 to 16 
face height, 94 1,12 
Output. 3-5 In a- 16 
reach. 6-2 to 8 
shrinkage after, 3 0-21 
size. 6-2 to 6,39 
lables+ a- 19,24 
tree height* 7-16 
trucks, 3-6 to 8, 30-39 
set afjo Estimating, Surveying, Yards 
Mesabi, 9-29 

Metric measure tables, a-1 9 
Mexico City, 949 

Millisecond delay, 9-12 to 14,34.40, set afro 
Blasting caps 
Mine cars, 9-54 to 56 
Mineral deposits, 9-70,71,72 


Mining. 9-1,3,70 to 76 
exploration, 9-7 Q to 73 
machinery* 9-52 to 54 
open pit. Chapter 10 
overhead. 9-75,76 
room and pillar, 9-74,75 
Misfire, 9-11,35,52 
Mistakes. 8-25, 13-10,4 I 
Mixing, 6-6, IQ-1 J 6.17.18,20.2 2.23,43 
in bank, 10-1.43 

Mobility, 10-24,26+ see afro Maneuverability 
Moisture equivalent, a- 22 
content, Held, a-22,23 
Mole, 545, 6-16 
set fffro Drains 
Motor, gasoline, set' Engine 
grader, see Grader 

Mounting, crawEet+ 3-29 Eo 38. 12-6+7 
rubber, 3-11,32 
Mock (mud), 6-1,32 to 38 
see aiso Humus, Mud 
Muck frock), 8-6 
see also Mining, Tunnels 
Mud I-1+2, 34,9 to 36, 5^0, 8-6,27+29+ 11-9,13, 
14 

blasting. 3-20 to 24 

boEEoms, 5-57, 6-32 to 38, 8-6,29, 9-66. 10-27, 

33 

burial. 3-26 
cleats, 3-11 

digging & dumping, 3-18 to 20+26, 4-24 to 27, 
64 io 21,32 to 38, 1042,19,34 to 36 
from loose fill, 3-10,25,26. 8-27 
frozen, 3-10J 1,35,36 

machinery for, 3-11.14,19,20,26, 64, 842, 10- 
34,35, 13-65 to 67,72,73 
stuck in r 3-26 lo 36,13 
roads across, 3-11 to 14, 8-28+31,32 
stabilization, 3-24+25 T 5-53 to 56 r 646,23 
supports on. 344 to IS, 6-2.4 
tunneling in T 9-63,66,69 
weight of. 3-5Jt, a-2 3 

working in p 341 to 36 t 44,24 to 30 T 8-23,28 + 
31,32 

Mutkapping, 1-9, 9-5,6,19,31 to 33 

Mulch. 6-16, 7-19,22, 843,14 

Multiple cellars. 4-164 7 

Multiple lines, 1 16,19 to 22 T 348,31,32,34 


Naphlha + 12-3 
Neoprene, 124 
Ncphenalm, U-21 
Niagara tunnels, 9-42-49 
Night work, 11-7 
Nltramon, 9-29 
Nilrocarbonitrate, 9-28 

Nitrogen deficiency, 6-16, 7*10.11. 8-14, 10-12 
Nitroglycerin, 9-43 

Noise, 7-4, 9-14.33 to 35,45,46, 10-37 
Nuisance, 10-37 
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Dak, 3-12 

Obstructions, 2-20,4-2.6.8*7-16, 11-10,11 
Octane rating, 12-IS 
Gff-tbe-road hauler, 3-5,6, 11-22 
Oil, 124 lo 3+18+19.22 
dirty, 12-2 
drag, 12-22 
fuc], 12-18,19 

Operation r bucket loader, 10-14j $ 

Operation, bulldozer, 1-1 to 1,22 $3,29,31 lo 33, 
3-13,19,26,21,32. 4-2 to 9, S-6J+16.17+ 6-33 
to GS+ 7-6,7,19, a-9 s 10,l3 h 29, 10-3.4,13,30,31 + 
a-9 

Operation, clamshell, 1-3, 3-15, 4-16+ 5-3*10^ 7- 
22, 8-33, 9-46,47 t 104 5.27 
signals, 9-46 
tagllnc, 5-5 

Operation costs, 1H to 7 
Operation, crane, 5*55 

Opera! ion, drag scraper, cable, 9-53,54,73 lo 75, 
10-31,47 

Operation* dragline, 3-14 to 18,34,35, 4-10,24. 5- 
17, 64 In 15,17.33,34, 8-23, ID-6+l5,27$S 
swing, 6-10,11, 16-7,28 
throwing bucket, 10-28 
wet digging, 6-1 to 15,31,34 
Operation, dredge, 16-35 
Operation, elevating grader, 8-10 
Operation, hoe shovel, 3-15, 4-11 to 15*22 to 24 r 

5- 1 in 5 t 7-7/15, 16-28 
push back, 4-2*13* 5-2 
truck loading, 4-24, I6-2S 

Operation mucker, 9-54,75,76 
Operation ripper, 8-21 
Opera! ton roller, 5-39 

Operation, scraper, !-24 + 7-39, 841+14 lo 22,37, 
I CM 5 29 a-8 

dumping and spreading, 8-17,30+31, 16-29 
edges and slopes, 8-22,30 
grading, 7-39 

loading, 8-11+14 to 22 p 10-29 
pushers, 8-20 

Operation, shovel (dipper), 4-15,16,17 to 23 s S- 
16+22,23* 10-5.6,14,15,26 
digging and dumping, 4-15,16J8 to 24, 5-6+ 
8-22,23, 16-5 to 8,14 to 16,23,26,27+32 
loading Irucks, 8-23, 10-14,15+26,27 
on higher level* 16-27 
swings 10-6,26 

Operation. shovel dorer. 1-23, 3-32, 4-9 to 11*33, 

6- 35 to 37, 7-19 p 10-14+24 to 26 
Operation. tractor 

crawler, 3-29 to 33 

Operation, truck, 3-27 to 29, 7-7 p 8-27 P 10-4+5,44 
to47 

backing and dumping* 10-44 to 46 
spotting, 10-^4 to 28 
stuck, 3-27 to 29 
Operation walker. ID-6 
Operation, water pump, 5-56 to 59 
inlet protection, 5-57,58 
priming, 5-56,57 
setting up, 5-56 


Operation, winch, 1-15,16 to 22* 3-31 
Ore, 9-70 to 76 

Organic, sec Dam, Humus, Feat. Topsoil 
Output, G4 to 9, 4-24 r 5-5+ 6-35+ *4 to 18+ see 
also Production 

Outrigger and leveling jack*,. 348 
Ovcrbreak, S-8, 9-9, 13,14,46.66, 11-12 
Overburden, 16-1 to 10 
see also Blasting, Stripping* Topsoil 
Overhead, 11-1 lo 6.12 
Overhaul, 11-12, a-5 

Oversize objects. 4-21, 6-17, 8-6+29, 10-24 p 11-9 
burial, 7-6,7 

see also Boulders, Stumps 
Overtime, I M,7+I4, a- 16 
Overturning, 1-!7 P 3-32,33+35 
Ovcrwi ndi ng, 12-16,13 
Owens River Gorge, 9-42 
Ownership, 11-3 to 6 
Oxygen, liquid, 9-30 


Packing. 9-59,60,68 

Patterns, 1-2,3+ 4-3 to 9,12+23. 542,44, 6-1 lo 6 
digging, 4 1 to 9+12,23, 6-1 to 6 
drainage, 5-42,44 
Pavement, 2-13, 7-26, 8-4,5 
breaking, 5,16+ 8-4 
failure, 8-31 
protection, 4-19, 5-17 
Paving breaker, 3 -8 
Fay formation, 9-3+ 10-1 to 10,44 
Payment schedule. 11-13 
Payroll, 11-1+2,7+16,13.30 
P.CU., see Power control unit 
Peat, 1-25, 3-9,10* 16-18 to 21, *-22. see also 
Humus 

Percolation test. 5-51 
Permissiblcs. 9-4,31 

Permit, 4-17+ 5-61, 6-13,20,39, 7-36. 10-37,38, 
11-13,18, see also Law and Zoning 
Personal expenses. 11-1 
Penalties, 11-10.13 

Penetration* 3-4, 4-9, 5-6, oho Digging, Teeth 

Fcmdiic, 9-21 

Perched water table, 5-51 

PETN, 9-20 

pH. 10-11 

Pile (hammered), 4-29 r 5-11,60, 6-22 
driver, 4-28. 5-12 
extractor, 4-2S 

Pile, soil, M8J9 P 4-1, 5 to 17* 5-1+2,13, 6-2 to 16, 
18,33,34, 16-13 lo 21+44 to 67 
brush, 1-2,3,27,28 
drying* 6-14,33, 10-17.19,20 
measurement, 3-7, 11-8,9 
shrinkage, 6-9,14, 10-19,20 
Stock, 6-8, 1043 IO 17,19 to 21,39 to 41+44 to 
47. 11-25 

topsoil, 8-8, 1043 to 17 
wet soil, 6-8,9. IQ-19 to 21* 3-18.19 
Pilot tunnel. 9-50,51 
Pin, beveled* 1149 
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Pimlc. hook, l-l I 

Pipe, M.14J0 to 24,25 id 31*32 lo SI 
bedding, 5-10J1,15*36.17,46 
cable takeup, 5-30J6 
concrete, 4-25. 5-20^1^4 (a 36. 7-35 
corrugated, 3-12,14, 6-9 ? 5-20 to 23,28,30,32 to 
3-4,3736+46*49* B-2 
culvert* 5-20 to 24,27*30 to 40, a- 26 
flushing, 5-50 
hook, 5-15 

irrigation, 7-35,36,19 

joEnU, in 5-21,22,23,35,36,45,49,61, 7-9*36 

laying. 5-32 lo 36,46 lo 49 

loids, 5 30,31,07 to m 

multi Plate, 5-23 

perforated, 4-25 

plug, 5-36*46, 6-23 

in pond drain** 6-9, 25 to 28 

projected, 5-19 

size, 5-20*48,49,61 

strength of, 5-20,10,11,17 

strutted, 5-23.33*34 

tile, 4-25, 5-21,22,41 to 51*7-8,9 

Tranche, 5-21,22 

wood. 5-21 

Pit, 8-2,1*26* Chapter 10* 11-2,11 
burrow, 8-4,26, a-5 

drainage, 4-24 to 27* 10-33,35 io 37, stt oho 
Pond 

floor and working space, 1-5 T 4-24. 8-23, 10-18, 
31,39,40,43,44 

hauling, 4-20 io 22* 10^43 
layout. 9 1 to 3, 10-2 to 9 t l2J4 to 17. 20,25 to 
42 

loss of pay material, 9-72, 10-9 T 13.39,44 
noise and nuisance* 9-14 to 40, 10-37 
orderly dcvclopmenl* 9-72* 10-9,35*39,44 
planning, 10-37 Lo 42 
regrading lo leave, 10-3,5,8,19 
stripping overburden, 10-1 lo 10 
sunken l dig-down). 10-33,15,41 
wet, 10-34 lo 37, jee also Pond 

Pfani meter, 8-35 

Planing, 7-3S 

Plank, 3-33, 4-27 lo 29. 5-9 lo II 
road. 3 12,13 

Planting and transplanting. 6-15,16* 7-2.4,6,10, 
11,17 to 22 
gullies. 7-32*31 

around homes, 7-2 to 4,6,0 lo 12*17 to 22 
lawn, 7-10*11,23 
roadsides* 7-21,22* 8-13,14 
after stripping, 1047,1337 
tree moving, 7-17 to 19 
planting, 7-19.22 

Plaster, 9-37 lo 19 

Plastic limit* 3-i 
see oho Soil, plastic 

Plasticity Endcs, a-22 

Platforms, 3-1044 to 13. 4-25, 6-2.4,9*14,19,11* 
14* ItM9 

Plenum (compressed air) digging, 4-10, 9-68 to 
70 


Plow, |-4. 5 14, 7-10,11* 10-1,1148 
steel. 1241 
subsoil* 5-14.45 
Plug, culvert, 5-3236 
magnetic, 12-3 
pond drain, 6-27,28 
pump line, 5-57 
die, 5-46,49,50, 7-17 
Plug and feather, 1-11, 4-31 
Plumb bob, 9-43 

Poison, 1-25* 6-38*39, 11-25.26* 1248 
Poles for support, 3-11,1746,30,34, 636. 8-10 
Pond, 2-18.21. 1-18, 5-19,40,43, Chapter 6, 740, 
10-33,35 

bottom, 6-3,17,32 to 38 
dams, 6-19 to 24 
drains, 5-18*19, 6-25 to 28 
dry land. 6-1,12 

for fire control, 1-28* 6-147* 11*29 
islands in, 6-9,14 
leakage, 6-21*22, 30 lo 32 
level, 2-21, 6-19*10 lo 32, 10-35,36 
maintenance, 6-32 to 39 
in pit floor, 10-11.15 
On porous ground* 5-53* 10-36 
shores. 6-3,11,14 to 17*31 to 38 
size and depth, 6-2,1,4,19 
spillway, 6-28 to 30 

underground, 5-44, 6-10* 7-40. 9-63, Lfl-36 
Poured socket* 12-15.16 
Powder, fee Black powder* Dynamite 
Power, 1-10*24, 3-28 
controls. It 20,21* a 29 
engine, a- 14,24,25 
loss, 1-20 
plant* 12-17 to 22 
requirement, 1-24 
in scraper loading, 8-19*20 
Precautions, set ah& Danger, Damage* Shoring 
against accident, 1-3,4,6*9,10.22^7, 1-24, 4-15, 
5-8 T 35, 11-24,25 

against damage, 1-21*25. 4-26 to 29,34. 5-S to 
12*17*20*21,45*58, 6-11,14.16,17,10*20 lo 22, 
24,29. 7-2,9,14.16,17*30 
for equipment, 3-27 to 38, 4-26, 64,5.6*17*29. 
36, 7-7, 8-2*10*13,15,20*27,31, 10-27,2841 
I ] 4 

With explosives, 3-24, 5-S, Chapter 8, *-30to32 
job, 3-25,36,45 lo 47 r 56,5fi.61 lo 63, 6-9,13,22. 
24,33.36, 7-8,9.11,12.17.19,21, 8-13,25,26.31. 
14-6,33. 10-12,13.33,35.36 
against loss 3-17. 4-17, 10-16,33. 11-10 
maintenance, fee Equipment 
to protect people, 4-21, 5-8. 1028*12*38, IL-24, 

Fre -cleaner, 12-17 
Preheater, 12-20,21 
Pressure, 

atmospheric, 2-25*26, 3-17, a- 1 4,24,25 
blowouts, 9-69,70 
compressed air, 9-68 to 70 
ground. 4-18^6*27. 542,03, 7-5*7,8, 9-58 lo 6L P 
G8 tu 70 
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Pressure (cortt'd): 
and head of water, 5-60, A-25 
hydraulic, 4-IS, 6-22,23,29, 9-6B to 70 
Pre-stressing, 9-3S,39 

Primacord, 1-22* 9 15,1 6,20,'’1,22.27.29,10 
Primer, blasting, 946,16 to 22,26,29 
placing, 9-21 

Priming, centrifugal pump, 5-56,57 
Processing, 10-4 3 to 43 
humus, 10-19 to 21 
sand and gravel, 10-22 
topsoil, 10-16,17 

Processing plant, 8-27, 10-1.19 to 21,34.39.41 
to 43 

ftsed. 10-21,35,42 
mobile, 10-21,15,39,40,41 
space requirement, 10-39 Id 41 
Produel ion, 3-4 to B t 4~24. 5-5, 6-35, 14-21 + 7-7, 
9-42,53, j0-23,24,25,26 to 31, Il-S to 11, a- 1 
to 17 

Profile, 2-9,11 to 13, 5-15,16, 8-34 In 38+ 1049 
mass. 8-36 to 38 
Profit, U-7,18 

Propagation, 3-20 to 21+ 946,18 
Prospecting, see Exploration 
Pruning, 7-20,21 

Public relations, 9 33 to 40, 10-242.37, 11-2.11, 
12,14,25 

Puddling, 5-17, 6-23+2B, 7-6,39 
Pull (blasting), 9 11 to 14 
wire, 9-23 

Pumps and pumping, 4-26, 5 56 to 60 
booster, 9-49,57 

centrifugal, 4-26, 5-56 to 60. 11-17 

deep well, 5-59, 9-49 

diaphragm. 4-26, 5-56 

dirty water, 5-58, 6-33,34 

excavations, 3-20,24.25 , 4-25,26,29, 5-56 lo 60. 

6-1.6 to 842,13. 1 0-33,35 lo 37 
fire, 1-28, 6-17 
inlet protection, 4-26+ 5-57*58 
irrigation. 7-33.34 
jet, 5-60, 9-57,73 
lube oil, 124+2 
operation, 5-56 Eo 60 
priming, 5-19,56,57 
size, 9-42,57, 6-13, 10-33,35,36 
specialized, 9-71 

sump, 5-18,49,60,62, 6-7.84243, 9-49.57 
tunnel and shaft, 9-42.44.49,57 
well point, 3-24,25, 4-26, 5-58,59, 943 
Pumping to load, 8-3 9 
Pusher, 3-16,20-21, a-4 ,10,12 
Pyrene, 12-22 


Quarry, 94,3,9 to 18+31+34,70 
Quicksand, 3-10 


Radio, 9-27 

Railroad, car?, 9-54 to 56 
ties, 3-13+35 
track, 9-54 to 56 


Rainfall and runoff, 5-25,26+61, 6-7, 7-5,8,30, 8- 
2,26,28,30, 9-39. 10-33 r 34, 11-9,11,13 
Rake blade, 1-2,4 

Ramp, 4-3,4 to 11,1548 lo 24,31, 5-6, 6-5,35 to 
38 a 9-3, IQ-41,44,45, 11-8 
gradients, 3-27+4-5,15 
cahle, 3-31 
Range pole, 2-15 
Ratchet, 1-18 

Readings, 2-8 to 13,19,23,26, 6-19 
Real estate, 7-21.22, 84 r 10-2+37. 11-13 
Receivables, 11-2 

Recreational facilities, beach, 6-11,16,17 
diving* 6-17 

game courts, 5-41. 7-6.12,13 
pond. 6-1,114047.3940 
swimming pool, 6^39,40 
Reeving, 1-18 to 21, 11-19 
Regulations, 5-5 | + 9-34, see also Law, Pei mil 
Rehandling, 64 to 7+ 10-7 lo 9 
Rehef holes, 5-8 
Re-negotiation, 11-12 
Rentals, 11-2+14 to 17 
Repair, 31-3 to 6, see also Maintenance 
link. 124647 

Reservoir, 7-34,15, 10-34, see ulso Pond 
underground, 9-40,57, 10-3647 
Resistance, digging, 1-4. |l-9 
electrical, 9-21 to 25 
rolling, 3-5, 8-27 T a-3.7J3.E4 
Reverse, 1-3* 1-27,31. 440.32* 8-8,9,11 
bends, 12-13 
Riparian lights, 6-E 1,38 

Ripper (Rooter)* 1-24. 3-1+ 4-4, 6-18, 84,21* 
9-242+ 10-3,18,33 

Road, 3-20, Chapter S* 4-6,7,8,10,15 
compaction, 8-26 to 29 
corduroy, 1-12 
crown, 8-8 
culvert, 5-25 to 39 
cut and 611, 8-26 

cuts, 8-8 to 23+ 9-14. see afso Cut F Fill, Scraper, 
Truck 

drainage, 8-31.32 
fords & dips, 540 
grades, 24 1 .134 4 
grave], 34 2+14, 7-24,25, 8-5 to 8 
haul, 8-2,22.23+26, 9-41. 104+942,29.33.34, II- 
8 to 11 

logging and access, 8-1+2 
oil, 7-25,26 
patrol, see Grader 

pioneer and temporary, 3-11 to 14+36,40, 442, 
546,40, 0-7+31+34, §4,244*23, 1042,34+ 

11-9 

shoulders, 8-2,6,7,24 
slakes, 8-22+23 lo 26 
subgrade, 8-5,6+22 

surface, 3-10,14, 7-23 to 25* 8-2,1 +4,5 to 8 
survcviflg+ 2-13,14, 8-2,21 to 26 
Rock, 

blasted, 144, A-2.ll 
blasting, see Blasting 
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Rock icanfd); 
buried* 7-6 J 

in cellars, 4-2 r 7+3fl*aj+ 5-62 r 7-2. 1MQ 

cleanings 9-2*3 

checking far, 4-24, 7-2 

cotf, 4-2, n-9,UM2*L3 

crushed. 5-36*40,61. 6-22, 746* 9-J* LML, 

A-! 1 

in euts+ fi-l.IU.26, 9-63 
in ditches. 5-5,6.7 lo 9 
drilling. 5-7,8 
falls, 8-14, 10-32 
in fill, 8-2B*29 

fragmentation, see Fragmentation 
in pEl floor, 10-31 
loose, see Boulders 
slopes, B-10, 14* 10-32 
soft, 11-10, see also Shale 
support in Itmoels, 9-58 lo 63 
tunneling, 9-40 !o 64 
under pipe, 5-32 

Rod, leveling (target rod). 2-7,8,31 
Roller guard, 12-7 

Roller, sled wheel, 5-17,39* 7-10* 5-8,28 
tamping (sheepsfodt) * 7-39, 8-28,30 
I rack. L2-7 

Rolling, 7-10,11.39, 8-8,11,27, see aha Compac¬ 
tion 

resistance, 3-5, 8-27, *-3,7,13*14 
Roof holts. 9-61 to 63 
Root hook, 1-12 

Root, tree. 3-17, 5-13, 7-14 to 16,17,18 
Rooter, see Ripper 

Rotary, Tiller (miser), 14, 7-9 to 11 
Rule bf thumb. 8-29, 9-10, 114, a-2S 
Runaway engine, 12-IB 
Runoff, 5-25,26, see also Rain 
Rush* 5-34, 8-1, 1140+11,25 


Safety factor, 12-14 
fuse, 9-7,13,22.23,27, a- 32 
rules. 11-24.25 

see aha Accident* Damage, Danger. Hazard, 
Precaution 

Sale of spoil, see Selling, Spoil 
Sand. 1-10, 3-3,10*11,25,29, 4-25 26, 5-9,40,51* 
53 to 56, 6-16J 7,21, 7-3Bto40, 3-6.8,19,26, 
9-69+ 10-3,16,22,31 *32,3 6,46, 11-8*10, 12-7, 
a-2.5J0.21.21 
on conveyor belt, A-27+28 
in dam, 6*21 to 23,30 
digging, 9-69, 10-1 
drains, 3-2, 5-53 to 56, 6-21, 10-36 
in machinery, 3-11. 6-36 
occurrence and shortage, 10-22*37 
sliding banks, 10-31,32 
wearing lo tracks, 1046+ 12-7 
Saw, 1-5 to 7 
Scaling* 8-14, 944,58 
Scour, 5-13,25, see aha Erosion 
Scoria, 8-6 


Scraper, carrying (pan), L24, 3-8, 6-6. 4*33,14, 

8-11.14 to 22,30,31 p 1 ^2+4,9* 14,28,29,3342 
43,47, 11-9,16, a- 3,5 to 8 
breaking land. 1-24+ 8-14,15,18,19 
cut, 5-11,14 to 22 

cycle T 3-6+ 8-16 to 15, a-4 to 3,10,12,14.16. 
17 

digging a bank, 104,28*29 
level* 10*33 

drag Leveling, 10-31*32,47 
cable excavator, 9-53,54,73 to 75+ 10-31,32* 
47 

on fills. 8-30,31 

grading, 7-39, 8-19,21*22, 10-5,9 
hauling range, 8-18. a-3*7 
on hauls* LQ-2J4.42 
loading, see Loading 

Opera!Lon. 1-24+ 7-39, 8-I1J4 to 22+27, 104*5. 

29, a- 5 to 8+10,12,16 
patterns, 6-6, 8-16 to 21 
production factors, 11*9, a-3.7 
pushers. B-16,20,21 
rear dump, 10-29*47 
rental value, 11-16 
on ridgetop, 8-15,16 
side hills. 4-33,34, Ml 
under shovels, 1042 
spreading, 3-30 
stockpiling* 10-14,43,47 
stripping overburden* 9-2, 104,5,9 
turns, M5JT+IS+ A-16 

Screens and screening, 1-3, 3-1 in 3* 549,57 d 6- 
28. 7-9, 8-6, 10-1,16,22,36,41 
clogging (blinding), 5-57, 7-24* J0-1 
filter, 5-57 
gravel. 8-6,2! 

gri^Jy and scalping, 104 6 
protective* 1-3, 5-57* 7-24 
revolving, 10-16 
testing, 3-2, 10-22 
vibrating, 10-22 

Scrubber, exhaust* 4-11, 9-56* 12-18 
Seat, grease, 6-36 

water and air, 4 29, 5-56,57* 6-21,30,36, 7-35 
Scam (vein), 9-3,17.57*58+71, 10-2 to 8,43,44 
Sediment, 7-35, see also Silt 
Seely e, El win* 5-20.31 

Seepage, 4.26. 5-23.33. 6-7,10,3 6*2110 20+28*30. 

31, 7 2.35*40, 8-13* 9-39,56 
Seismic prospecting, 9-29+72.73 
Seizing, 12-12 

Selective digging, 6-6.7* 10-12 to 15 *27*43*44 h 

47 

Selling, byproducts, 1-5.8, 1*1,2,10 to 14 
on credit, 10*39, 11-2,18 
without loading, IQ-39 
products, 10-38,39 
spoil, 4-17, 6-6, 7-6,37. 8-4 
topsoil, 10-10 to 14 
waste, 1-8, 10-1,2,10,44 
Sensitivity, 9-4,28,29,30 
Septic system, 5-50 to S3, 7-2,6, 9. 11-11 


IN-16 


INDEX 


Sequence. 8-5,19,33, 9-3, 9^42, 11-10,0, see also 
Belaya 

Service, 10-38* 11-11*16 

Settlement* 3-20,24, 5-17,10,33,38,39, 6-29 T 7-6, 

11,2! ,39, 8-2,27, 11-8, see aha Shrinkage 
Sewage disposal, 5-50 to 53 
Sewer, 5-14,53 

Shade, 5-51, 6-16,3], 7-4,19,20 
Shaft (tunnel). M6 to 49,70. 10-35.33 
Shale, 3-1, 5«4+5,6, 8-4+6.14, 10-23, a- 5.11,21 
Sheave, 1149,20. 12-12,13 
Shcepsfool roller, 7-39, 8-28,30 
Sheeting. 4-28, 5-9,10, 9-4 8.65 
jacks, 5-9,10 
Shield, 944,67,68 
Shift, work, I M to? 

Shock, 94, 11-2] 
tile, 546 to 43 
Shooting, set Blasting 
Shores, see Bank, Fond, Stream 
Shoring (bracing), 4-22,27 to30, 5-9to 12, 9-48, 
49,59 to 61, 10-38, 11-25 
Shoulders, 8-7 
Shovel, 

clamshell, 1-3* 4-16, 5-5, 9-46, 10-27+ see also 
Clamshell 
crane, jff Crane 

dipper (dipper stick), 1-24. 3-7,15,27, 4-15,16 
to 34, 31,32, 5-6,17, 6-18.19, 749* 8-4+10,22, 
23,32, 9-1,13,28, 1^5(0 7.13,34.23,26,27*32, 
40, 11-16, A -SU1 

dozer, 1-2,23,24* 3-32, 4-2,9 to 11,33, 5 34 + 6- 
35.37*38* 7-5,6*9,19, 8-4,9, KM4+16.24 to 26, 
11-I9+2I+22+ 12-7 

dragline, 6-1 to 15*33, 8-32, 104 to 9.27*28, 11- 
16,17, A-2, see also Dragline 
dredge, 8-32 
electric, 10-5 

hoc (backhoc, putlshovcl), 4-11 to 15.22 lo 24, 
5-1 to 5, see also Hoc 
hydraulic, 4-1L 
loading, see Loading 
InbricaiEOEi. 12-3 
Operation* see Operation 
overhead, 1-31* 10-25,26 
production* 10-26 10 28, a- 2 
revolving* 3-14,33 to 35 
size* 10-5*24,27 
skimmer, $-4* l(M3 f 16,27 
stripping, 10-56 
stuck* 3-33 to 35 

teams, 4*22 to 24,32,33, 6-18, 7-7,9* 10-7 
track, 12-7 
walker, 10-6,7 

Shrinkage, fill* 3-6, 4-27* 5-17+ 6-6,9,21,33, ^27* 
35*30* 10-19,21, a-4*2* see also Fill, Seitle- 
ment 

Shunt, 9-7,6,27 
Side board, 3-7, a4 I 

Side easting. 5-17* 7-30* 8-9.S0J1, 10-2to9*12^ 
21 

Side hill, j** Hill side 


Sidewalk superintendem*, 4-21+ 11-25 
Sieve, testing. 3-1 to 3, A-22 
Signals* 9-28 
Silicosis, 9-45 

Silt, 4-26, 8-6,31. 9-69, see also Clay and Silting 
trap, 6-12,32 

Silting, 5-30,36,41,42.45,46,49,50,62* 6-13.32, 7 
30,11,35, 10-18 
Siphon, 5-18.19*36, 7-34 
Siren, 9-28 
Skullcracker. 9-32,33 
Slacklint* 6-6* see also Cable excavator 
Slick sheets, 9-53 

Slides, 8 9,10*12,10, 10-27.31,32, A-22+ see also 
Caving 
Sling, 4-31 

Slippage protective, 1-18, 12-7 
test, 12-8 


tire* 3-11*29 
track. 4-9 

Slope, a-20,25+27*. see also Gradient* HW side. 
Incline 


cellar in, 4-8,15.31, 5-61 
drainage, see Hillside 
of digging surface. 5-12 
of driveway* 7-23,24 
for farming, 7-27,16.37 
natural. 4-26, 10-12,35 
notching, see Hill side 
of pile, 3-7* 4-5+ 6-3*4 
planting, 7-6,7,29,31 to 31, 8-13.14 
of ramps* 4-18.19, 10-29 
of rock. 8-14, 9-1 U3* LO-32.41 
stability* 8-12 to 14. 10-31,32,41 
stakes* 8-22,23 to 26,30,3 I 
too steep, 8-15,16* 10-32 
stripping, 6-8,9* 10-3,4,9,13 
treacherous, 8-12 to 14* 10-31,32,41 
trimming, 8-21,22 

of water table (hydraulic gradient)* 5-42 to 44, 


10-34*36 
Slusher, 9-54 
Smog, 9-39 
Snags, 1-30,31 
Snake b&ks, 9-1144,15.33 

Snatch block, see also Multiple lines. 1-15,16, 
19 to 22* 3-31, 5-24*25, 6 18* 7 16,17* 84 
Iraetor, 8-20 
Snow, 7-24* 8^.26,32 
Snow Meltings by T. N, Adlam, 7-24 
Socket* poured* 12-15,16 

Sod, 1-4,29+ 3-14*34, 5-2,13* 6-16. 7-12,23,29+33* 


8-12,14, 10-1,11,12+17 


Sodium arsenitc, 6-39 
Soil, acidity* 7-11, 10-Ll 
classification, 3-1 to 3, a- 2,10+22+23 
compaction, see Compaction 
digging resistance, 3-4, 11 -9 
moisture, 3-1,9 toll, 8-26+27,31, 9-68,69, 10- 
12,17*19.20, see also Drainage. Mud, Water 
Table, Well point 
organic, see Humus* Topsoil 
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Soil (coat'd): 

pervious and sandy, 5-17,40,5 l,53 t 3B< 6-21,30, 
7*2,8, 8-26.31. 10-33,36,37, see also Drain¬ 
age, Seepage 

plastic, 3-1, 4-27. 1-21 P 9-63, *.22 
pressure, see Ground pres&urc 
-■shrinkage, see Shrinkage 
Stability, 4-26 to 30, 5-6,7,10 to 13, 6-5. 7-5, 8- 
12,13, 9-47 80 49,57 to 69,73, 10-23,31.32*38, 
see also GrouEirtg, Shoring, Stabilization 
subsoil, 7-9,31,32,33, 8-S,l3 t 3J, 104 1,11,13,16 
swell, see Swell 

lests, 3-1 to 3. 6-15, 7-11. 8-5, 10-11,12.19^, 
22 r a- 22 to 24 
Souping up, 12-19,20 
Spacers, 9-16 

Spacing, drill hole, 9-2,10 to 15,47,5 i 
Speed, 5-5. 847,18, 114041, a- 3,744,18,25,26 
of explosion, 9-4,6,21*22 
formulas, a- 18,25 
and travel time, a- 14,26 
Spiles (forcpoles), 9-64 to 66 
Spillway; 6-] 9,23,27,28 to 30. 7-27.29 
Spirit level, 24,6*7,21 

Spoil, 349. 4-]. 5,0,7,12,13,15,17, 543, 64 to 7, 
9 io 16,33,37, 7-6, 84,31,32, 946. 10-1 to 
10,44, U-8,9,12 
bank, 10 2 to 10 

disposal, 4-I7 a 543* 04 to 7^9 to 16,33,37, 8- 
31.32, 10*1 to 10, 11-8,9 
ptling, 4-1^6,7,12,13.15, 543, 6-1 to? 
sain and use, 6-6,743, 7-6, 84, 94, 10*1,2.3, 
10to2M4, 114 2 
Spot log. 10-10 

Sporting. 4-21,24, 548, 8-23, 9-55,56, 1044,15, 
25 to 28, a- 16 
Sprayer, power, 1-28,29 
Spreading* 644 to 16, 8-22,30, 11-22 
Springing, 9-17,18 
Sprocket, 12-9 
Squib, 9-7,19 

Stability, bank, 4-26 io 29, 6-9,10.12, t3 t L 0-51,32, 
see also Caving. Slides 
machine, 1-17, 4-10,15 

aha Balance, Counterweight 
Stabilization, sod. 3*24,35, 5-9,12,53 to 56 t 842. 
13,27, 948,49 

see also Compaction, Groul, Shoring, Well 
points 

Stacker, 10-7,47 
Stadia. 2440,11,19,22, 64 9 
Stakes grade and location, 2-0 to 13,15 to 20 2^ 
4-2.34144. 3-2.15, 7443.22,28,38,39, 8-22* 
23 to 26,30.31, 9-11 
alopc, 8-22.24*25.30,31 
Staking from a map, 2-15 to 2- IB 
starter, 11-20,2! 
station, 2-9.1043, 5-14, S*2S*24 
Steel lining, 9-60,61 
Stemming, 9-11,17,21,52 
Stings, insect, 11-25,26 

Stockpile, 10-13 to 17.19 to 2 1,39 to 47, see alio 

Pile 


Stone, see Rock 
boat, 1-8 

wall, l-33 t 343, 7-6,7,8,15 
Storage, 9-23 T 10-10,29,38 to 40, A-30 d 31, see also 
Stockpile 

Straddling, 3-34.35, 54 h 6, 849 
Strainer, 5-57 

Stream, 5-18 to El P 4Q,49. 6-742 to 14,24,25, 74. 
30,31,34, 8-2,32, 9-57^,63*68, 10*21,34,^ 
control and diversion, 5-20, 6-7,12 to 14 
crossing, 6 12. 8-2, 10-34 
digging in bed of, 642,13* 1045 
Strength, cable (wire rope), 12-11 
explosives, 9-3,10,30 
Stress, test for, 12-9 
Siring loading, 9-16 
Strip mining, see Stripping 
Stripping, double handling, 10-7,8,9 
hauling. 10-2,4,5,7,940 
need for. 4-1, 104,13 
pit edge, 10-9 
rock, 5-7, 94A 10-5 
shovel, 104 to 9 
sidecasting, IQ-2 to 9 

topsoil, 44, 5-2, 6-6, 7*7, 8-8,34, 10-10 10 
Struts,, 543,33,04 

Stump blasting, 1-8 to 10,14, 4-21. 7-16 
burning, 1-1045.26 
burial, 6-1748, 8-1.9,26 
in nil. 6-17,18,21, 8-9 
digging out, 1-22 to 24, 4-13, 6-17* 7-16 
handling, 4 21, 6-17,1841, see also Override 
objects 

height, 1-5, 3 17, 6-17 
pulling. 1-10 to 22, 647,18, *746 
Subcontract, 1^5, 1148.23,30,31 
Subdrainage, see Drains 
Subgrade. 2-1143, 8-5,6,742^0 to 31 
Subsoil. 7-9,31,32.38. 8 843,31, 10*11434W** 
see also Soil, Topsoil 
plow, 544,45 

Subsurface conditions, prediction Of. 4-24, 5-9,10, 
60,61, 640, 7-2. 9-43,44,57,71,72* 10-38, 
1143 

Suck. 12-20, see also Pitch. Teeth 
Suction. 3-t 1,15.17* 5-19,56 to59, 648. see also 
Mud, Pump, Vacuum 

Sump, 4-25, 5-18,49*50,58,60,62,63* 6-2,742, *- 
49,57, 10-33,34,36 
Sun gear + see Planetary 
Supercharger, 12-18 
Supports, 3-14 to 18 

Surfacing. 3 10,14. 742,13.23,25* 8-2,6,22 
driveway, 7-23 to 25 
game courts, 74 2.11 
Surveying. Chapter 2, 7-2B.29, 9-43 
adjusting instrument, 2*20 to 23 
ditch, 5-14 io 16 

elevations, 2-8 to 10,12 to 14,19, 6-19 
measuring distance, 2-10,11,18, fi-19 
yardage, 9-11. 10-39,11-8,9 
roads, 2-13,14. 8-2,23 to 26 
setting up, 2-5 to 8 
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Surviving (confd): 
stadia, 2-3 p 10,11* 6-19 

staling, 2-IJIO20, 5*14 to 16, 7-2S.29,36.39. 

S-22 to 26, tl -7 
tunnel tine, 9-43 
turning angles. 2-14 to 16.18,20 
without instruments* 2-16 to 3 3,20.23 to 26 
Swamp, 3 -25, 3-11 io25. 5-40.55 CO 56, &-llo!2* 
10 to 19,30. 8-31,32. 10-2*10 
fire*. 1-25.31, 6-S 

Swell (growth), 3-6 to 8+ 5-17, 6-3,4., 8-27.29,35, 
9-53,59. 10-39, 11-9, a-4,5,U*3 7,22 
Swimming, 6-1+3,16.17,39.40 
pool, 6-39,40 
Switch, track, 9-55,56 
Switchbacks 8-2 


Tables, charts, and lists 
accidents, causes of, 11-19 
blasting, 3-20, 9-10,27 
building defects. 9-38,39 
capacity, 3-7, 5-27 T a-2,6 lo 9*27, 78 
conversions and equivalents, a-1 9,20,24,25 
costs, 114,2,5,6,16.1748, a 17 
cyck+ work+ 3-8,9+ a^I to 9,16*17 
failure, causes of, IMS 
formulas, 3-3*9 t 5 26,27.47,48,51,52, 6-0, 7- 
28, 9-10+11. H-8.9, a-] 9,20,24,25 
grades and angles* a- 20,24+25,27 
loss, II -23 

operating suggestions, a- 8 
performance^ **6,7,10,12 io 14,24,27 
pipe and drainage, 5-20.21,27+30,31,44,47,48, 
52. 6-31, 7-22 

production, 3-8,9, A-2,3,7,9*27,28 
road+ 8-3,3,33,37 
rules of thumb, a-23 
soil, 3-3.5,6, a- 21 to 24 

specifier Ion, 5-20.21 >27.30.31,44,47,48 r 5 2. 6- 
31, 7-22, a- 2,6,7,9,27 to 31 
speed and distance* A- 14,25+26,28,30,3 3 
terrace, 7-22 
volume, 3-7+ II4S.9 
weights and measures. 3-5, a-I 1,19,21 
Tackle, land clearing, fee Blocks, Clearing. Mul¬ 
tiple lines 
Tagline, 4-16, 5-5 
Tail, gate, 10-24 
Tailings, 10-10 
Talus, 10-21 

Tamping, 4-34, 3-17,30+ 39, 6-30. 9-15 10 17,21 
roller, 7-39, 8-13,28,30 
stick and block, 9-15,16 
Tape (chain J, 2-10+18, 5-15 
Taper of hole, 9-9 
Taproot, 1-8.12,13,24 
Target, 2-8 

Taxes. 11-1,2,3+4,7, a- 13,34 
Teeth, bucket, 1-2, 10-13.24 
Telescope. 2-3.21. see aiso Levels 
Tennis* 7-12,13 
Terraces, 7-26 to 30 


Test* 3-1 to 3. 4-24, 5-51, 7-11, 9-8,23.27+28,43, 
44, 10-11,12,19*21.22,38. a- 22 to 24 
blasting machine* 9-6,23 
drilling. 4-24, 9 43.44, 30-38 
gravel, 10-21,22 
percolation, 5-51 

soil, 3-110 3, 7-11+ 10-11 *12,19. a-22 IO 24 
Texas City. 9-29 
Thawing, 3-10* 7-24 
Theft, 11-25 
Throw from blast, 9-29 


Thunderbolt, 1-9 
Thunderstorm. 9-9,27 
Tie, railroad, 1-23. 3-13+ 5-4 
Tight formations. 3^ 
holes, 9*IM6 
Tile, 5-20 to 22 

box (shoe}, 547,43, 7-40 
field, 5-50 Eo *3 
gradient, 5-48,49,51 
inlet, 5-49+ 7-8,9 

land. 5-21,22,41 to S 1,6 1 r 6-22.23,2*. 7-16,40. 
8*J2 t 32,33 T 11-10 


laying, 5-46 to 5 O 
plugging, 5-36.46.50, 7-9.17 
protection, 3-45 to 47 
billing, 5-12,45.46,50 
Timber, 1-5 to7. 5-25+ 7*16,17, 9-59,60 
Timbering. 4-18, 9-59,60^ see also Shoring 
Time lost, 3-8*11* 4-17,22. 5-5, 6-6+10. 8-1,4,33, 
9-4+ 10-24*28+33, 11-9 lo 1 S„13, a-4,15 
Timekeeping, 11*12,14,15 
Tire, 1*27, 1-5,6,10,16. 8-20, 11-3,4,6,18, H-3.4, 
6,8,18, a-13 
chains, 3-10 
notation, 3-11, a-13 
pressure, 3-10.29 
TNT + 9-28.29,30 
Toe, 9-9,11+21 
shooting, 3-23 
Toggle bar, 2-46+47 
Tongs, 1-14,33. 6-17+18 
Torch, 1-25*27+ 3-36,18+ 1047 
Topsoil, 4-I*2,7, 5-2.13+ 6-6,33, 7-2,3,9 lo 1&,19+ 
22,26,30 to 33,35*37,18, 8-1.8,13,14+34,35,36+ 
|t>2,L0 to 18,37, a-5,10 
acidity. 6*33, 7-1 h 1041 
appearance, 7-9, I O'10,1 hi 3,15+16 
artibcial, 6»33, 10-I6,17il9 


depth, 8-13+34,36 
in estimates, 8-34 to 36 + a-5.10 


fertility and fertilizer. 7-9,11, 10-11 
and gullies, 7-41+30 to 33, 8-13*34 
along highways, 8-8,13.14 
in land leveling, 7-26+37.38 
liming, 6-33* 7-11, 10-11 
loading, 10-14 to 16 
lumps, 10-10,12,14 

mixing with subsoil, 4-2, 6-6,33+ 7-10, 104.* 
15*16,17 

nitrogen deficiency + 7-11, 30-12 
piling, 4-1,2* 8-8, 10-12 to 14 
with scrapers* 10-J4 
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TopSoil (corn'd): 
preparation, 10-11>14 
quality, 7-2,3,9 JO 
requirement, 7-9J0* B4 3.14 
restoration* 7-35, 1048*37 
sale, 6-6. HMD to iti 
screened, 10-16 
on slopes, 7-1]J2, S-S,iS,I4 
spreading, 4-7, 5-13, 7-» f 10 to 13.33. 1-13, 
14 

storage:, 10-17 

stripping, 4-l t Z, 5-2, 6 6, 8-1.8,34,35.36 
tests, 7-11, 10-10,11 lo 13 
for trees* 7-19,22 
yardage, 8-34,35*36 
Torch. 12-13 
Torque, a- 16 

converter, 11*21, 12-14, a- 15 
react ion from, 4-10 

Tow lines, 3-28 to 31, see aha Cable, Chain, 
Winch 

Track, railroad, 9-54 to 56 
roller (wheel), 6-36 

Traction, 3-5,6,10, 4-9,1 A, 7-17, ll-Bto 10, A-11+ 

18 

Tractive, effort, a- 13,18 
resistance, a 4 3.14 
Tractor, 

crawler, 1-6*8*15+ 3-10,1 IJ29 In 6-IB* 8-20, 
10-24.41 p 11-17, a-3,6 to 9.25m see nko 
Bulldozer, Shovel dozer 
four wheel drive, 8-20, 10-24 
loader, 4.22, 10-24 to 26 
snatch, 8-20 
stuck, 3-29 to 33 

wheel, 1-7,14,17. 3-11,29,36, 7-9, 10-35,54, EL 
17,28 

Traffic, compaction by T 8-8,2l,a7, 10-12 
interference with, 4-19,20,22. K-4 r 11-25 
nuisance, 10-37 

provision for, 8-2,4.5*21 t 10-33, 11-25 
routing, 4 19, 8-23,27, 10-12,33 
Trailer, 

insurance, 11-28 
loading, 4-19 
machinery. 11-3,18,28 
mounting, I EM I 
need for, 11-3,18 
track, 13-31 
Train, J 0-5,7,42 
Transformer, 9-43 

Transit, 2-4,5,18,23, 5-14,15, 9-11. ut also 
Levels, Surveying 
Transmit inn, 11-21, 12-1 
clutch shifted. 11-21 
Transplanting, 7-12,18 lo 22 
Trash, 1-5, 5-57,58, 1CM 
Travel speed, a- 14,26 
Treatment, medical, 11-26 
Tree, as an anchor, 1-21 
bracing, 7-15,19*22 

burial and drowning, 1-25, 6-10,1 la. 745,19 
wells and drains, 7-15,16 


Tree (rawr'd): 

damage and protection, I-21 P 4-1,2, 6-10,11, 7- 
13 lo 16 t 19 to 22+ 1041 
heding in, 7-19,20 
killing* 1-24,25 
and ponds* 6-10,11*16,31 
removal, 1-5 to 8,14,22,24,25, 746,17,30, we 
also Clearing 

roots* 7-7,15,10,17jl 8,20,22,23 
selection and pruning, 7-4,17,20,21,33 
soil holding, 543* 741,33 
Survival, 749,20,22 
Trenching, see Ditches and ditching 
Trestle, 5-24 

Trimming, excavations, 4-6,10,11.13,14* 16,19,22, 
24,33. 54,6, 8-10.11,13*19,21,^*23, 9-14, 

10- 6.7,16,24,27,47 
Tripper, 10-47 
Troughing, a-9 

Truck, access for, 4-3*6, 6-33 
all-wheel drive, 4-20 
capacity and size, 3-7, 4-20, 10-24 
compaction bv. 5-39, 7-6, 8-27 
delays. 442, 6-6, B40, 1140 
diesel, 12-19,21 

dump, 3-28,29* 11-22, 12-9, a-IQ.16 
dumping. 3-26,27, 8-28,29 p 104 5,16,44 EO 46, 

11- 22 

fleet. 4-20. A-16 
four wheel drive* 4-20, a-2 
on grades, B4*££3, *43to 15 
-mounted grizzly, 10-16 
hauling, 3-7,33^ 349,26*27, 4-l3,14J6 T l9,2l. 
24.30, 6 6,33. 7-7 p 10-2,26 to 28.43 to 46.52 
lo 63+ a 45 
high, 4-24 
on high fill. 10-10 
landscaping, 4-11+13* 6-10,33*34,38 
loading. 441.13,14,19^21,24. 640.33,34.38, 
7-7 p 16-14 to 10+24*26 Ec 28 r 3D,3l 
mud, 349, 6-38 
overturned* 3-27, 6-6 
building piles, 10-44 to 46 
in pii P 10-26 to 28, 43 to 46 
for rock, 1-31 
rolling resistance, a- 13 
routing. 447. 843 r 27 t 1042 
sideboards, 1-7, 3-7 
spotting, see Spotting 
stuck. 3-27 [o 29, 4-19*20 
tailgate, 4-21. 10-24, U-9 
as a tractor, 144* 7-17, see aha Trailer 
underground* 9-49*56.71 
winch* 147 

Tunnels and tunneling. 548*34, 744, 8-26* 944, 
15,40 to 76 

collapse and breakthroughs, 944,57,58*61,63, 
64,69.70 

coyote holes. 9-14,15 
drainage, 54,18,34, 9-40 p 4l t 56, JO-35 
equipment* 9 41 to 43.50,72 to 75 p 14-37 lo 40* 
16-34,35 

exploration, 9-43.44,57,64 
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Tunned and tunneling (contd}: 
fore poling, 9-64 to 64 
hauling, 9-46,54 to 56. I4-12 + 18-31 
li ni ng," 9-46 a 47 + 57,58 to TO 
mucUugt 9-50,52 to 54, 14-37 to 40, I6-34 T 35 
packing, 9-59,60,68,69 
pilot drift, 9-50*5],64 
rock, 9-40 to 64 
roof bolts, 9-61 to 63 
shafts, 9-45 to 49,5 1 
size, 9-41,42,57 
soft ground, 9-64 to 70 
vent il at bn, 9-41,4 3,45,47,51.52,56*62*74 
water, 9-56 to 58,63,64 
Turn, 3-14, 4-21, 5-2 to4 T 6-6,36, a- 16 
Turnaround, 6-6, 7-24 
scraper, 8-15* 17* 18,2 3 
TumbiickSe. 5-9 
Turning points, 2-1 M2 


Underground work, 9-4,5,40 to 76 
Under winding, 12-10.11 


Vacuum. 5-56,58 
gauge, 5-56 
pump, 5-58 
■see uijtf Suction 
Valve, balance, 11-21,22 
check, 4-26, 5-57*63* 12-4.5 
foot, 5-57 
gate, 6-14,25 
relief, 12-2 
Vandalism, 11-27 
Vapor lock fair lock) t 5-19 
Vegetation 

for appearance, 10-37 
clearing. Chapter L, see Clearing 
decay of, 7 11. 10-11,12 
desert, 7-38 

grass, we Grass and Lawn 
indicating fertility, 10-11 
planting, see Planting 
restoring. 10-17,16 

soil-holding, 5-12,13, 6-19,23*28,30. 7-11,12,2% 
31 to38 s 35. MS 14 14 
and topsoil* 7-11, 10-11J 2 
trees, sec Trees 

water loving, 6-31,38,39, 7-2,17 
Vein (seam), 9-3,17,57.58,71, 10-2 to M3.44 
Velocity* 9-4,6*21,22 
of explosives, 9-4,6,21,22 
Ventilation, 1-8, 4-11, 9-1,5 
Vernier* 2-2*33 

Vert Leal drains, 3-24, 5-63 to 36, 6-21 
Vibration, 3-14, 4-19,26, 6-30,38*7-2, 8-27,29, 9- 
M, 10-32 

blasting, 9-37 to 40 
View, 7-3,4, 10-37 
Vinegar, 9-41 


Voltage, 9-23 to 25,43 
Vortcs, 4-26. 5-57*58 


Wagon, dump, a- 16 
Walker* 10-6.7 
Walking dragline. 10-6.7 
Will, stone, 1-33, 3-13, 7-6 
retaining, 4-33. 7 7,6*23, 842 
Wash borings, 10-3S 
Washouts, 9-15 

Waste dump, 8-26, 9-1, J O-8 to 10, a-5 
Water, 

blasting, 3-21 

capillary, 4-24, 5-40,41.58.62, 6-31,33, 740, 8- 
6,31, 10-34 

in cellars, 5-60 to 63, 7-2 
and compaction, 5^41, 8-27,30, a-23,24 
digging under, 64 3, 10-34,35 
distribution, 7-36,37 

diversion, 6-2,7,13,14, 742,25,32,33, 8-13,18, 
10-34 to 36* see Curtain drain 
drainage, see Drains, and drainage 
for drilling, 9-43 

in excavations, 8-18 to 20. 4-7 r 24to27 T 5-9.56 
In 60* 6-1,2,7.8, 9-43,44.56 to 58,63,68 to 70, 
10-34 to 37, 11-13 

sround, 34, 4-24 to 27, 5 9 to 12.40,41,53 lo 
55. 6-10,31. 7-2.40, 8 12,31. 9-39.40,52. 10- 
34, see afao Drains 
head, 5-62, 9 22,68, A-25 
in ignition, 12-22 
Irrigation, 7-33 to 40 
level 2-23,26, 640,19 

movement in spat, 5-41,43*44*58,59+ 6-7, 7-2,39 T 
40, 10-34 
in mud, 3-1.2.9,10 
perched table* 6-30, 10-36,37 
plants, 5-13* 6-08,30,40, 7-2 
pressure, 4-27, 5-62,63+6-22,23,31, 8-12. 10^32* 
a-25 

proofing. 3-62*63, 6-2t T 24, 11-11 
pumping, see Pumping 
quality, 7-34, 9-43.52* 10-34 
resistance, 9-4,5,22 
in soil, 3-9, 8 26,27,31, 10-18.19,32 
to stabilize fill 5-41, 847.30 
Sub surface. 9-39,40, J (1-33.34,35 
supply, 6-30, 7-4,5, 9-39,40, 10-33 to 35 
tabic, 4-25, 5-40,53. 6-10,30, 8-26, 10-34,36 
effect on gravel, 8-6 
in tunnels, 9-43,44.56 to 58,63,63 to 70 
Watershed, 5-25,26, 6-31,52 
Waves, earth, 9-36 to 38 
Weather, 8-33, 11-11.23 
Wedge and tooth, 1-5, to 7,3U 3-16 
fitting, 12-15,36 

Weeds, 6-38,39, 7 10, 10-11,12,17 
Weight, dropper, 6-30 
of materials, 3-5, a- 1 I to 21 
and measure tables, 3-5, a-I 1,10,21+24 
of tractors, a-29 
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Welding, 11-20 
hardfaoe, 11 * 18 , 12-7,9 
Well, dewatering, 949, 10-37 
points, 3*24,25, 4-26, 5*12,58,59 
water, 74,5, 9-39.40, 10-37 
Wesichcster County, N.Y., Dent, of Health, 5-51 
to 53 

Wetting agent, 1*28,3! 

Whaler, 4-28,29, 5*10,11 
Whirlpool, 4-26, 5*57,58 
While, Edward and Muriel. 942 
Willow, 5*13, 7-33 

Winch, 1.6,10,14 to 22. 6*17,18.36, 7-16,18, 8-8. 
12-10,11,13 
capacity, 1-11, 12*14 
donkey (yarderj, 1-20 
hand, 1*18,19 
jamming. 1-15,16 
rental, 11-] 5 

in rescue work, 3-27,28,31 
truck, 1-17.18 
wheel tractor, 1-17,18 
Wind, 7*3,38 


Windmill, 6*30 

Windrows, 1*3, 6-5.6, 10-13,46 
Wire, blasting, 5-9, 9-7,8,18,20 to 22,23 to 28.35, 
41,43,46.52 
electric, 941,43,46.52 
mats. 1045 
rope, It-20, 12*9 to 16 
W'ood. cord and pulp. 1-5 to 8, a- 21 
Work patterns, see Patterns 


Yarder {donkey), J-20 

Yards, bank and loose, 3 6 to 9, 2-13, 10*23,24. 
39, 11-8 to 10,12, a4,1J 
figuring, 8-3410 38, 10*39 
nee also Production, Swell 
Year, working hours in, 114 to 6 


Zerk, 12*5 

Zinc, molten, 12-16 

Zoning, 9*34, 10-37,42 
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